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HISTORYCAL DIVELCFIMENT OF S07L_TAXONOMY

R.D. YECK

Regearch Soil Scientists
National Soil Survey Laboratory
Lincoln, Ncbraska

1.

INTRODUCTION:

A year or two befere Hilton 'Mutncy fnitiated the U.S. Soil
Survey in 1899, he stated (Brasficld, 1934), “wa need a soil survey
in order to be able to trinsfer experznce, from research or the
use of soills, from the Ficlds or aress Were wo have experience; to
other soils or arcas where it that is 2plicable”. That process
degeribed by Whdltney bofore the turn of the century is the very
egsence of what we now tern Agrotizimalosy Transfer.  Since soil
survey has leng been recosnized as en csscntial Ingredient of
Agrotechnolopy Transfar, it ig appropriaee znd necessary that we
astudy Soil Taxonony, cslong; with Arroteitnulogy Transfer in this

forum.

2 may pese the gquestlon o7 ol we ghould spend our time
consldering the past by discussing the history of Soil Taxonony.
I think the answer is aaiososs te vily w2 are interested in our
owm historical roots. To a larre de, res. oach of us is influenced
by our herita-a, including the cvents and circumstances that
influenced thi: decisions of cur ancestor. i:lso; by knowing some
of tha traits of our nivents, sravdrarencs, oad perhaps even great
grandparcents, and the cucisions they wade 2 ~iven sitnations, wa
may more fuliy understind who v are.  Ana finally, a better

understanding of ocurscloos iy fasuir. our plans for the future.

In 2 sindlar we,, 37 we thial' apsur the roots from uvhich
Soil Taxonemy spromy, it will give us o wziter Insight to 1ts
philsesphical foundacions, the v of wefteria that fovern
classifications, and vron 1ts unkijue language,  From that knowledspa,

we may also be able to hels shaps ihe coil Taxonomy of the futurc,

2

To pive us a bit an overvicw o) nuz topic, let's conslder
some significant milestones 1n the development of Soil Taxonony.
They arc shown in Table 1,

1/
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Table 1. Historical Developnent of Soil. Taxonony - Hllestones,

187? ~ Davelopment of the Concoert of soil forming processes by
Dokuchadiev
1899 - Beginning of Soll Survey iu ti. Uslted States

1212 - G.N. Coffey published DDA 2ureaw of Soils Bulletin 85, A
Study of the Scils of the Unilted States

1914 -~ Russian Concepts published in Corman by Glinka

1521 - ‘rranslation of Gliukn's buch 2uto inglish by Marbut

1938 - U.S, Classification publishe-d - Soils and Hen

1851 -~ Organized cffort to develen ney U.8, cluassification
initiated. Scil Survey ‘a,wal published.

1960 ~ HWew U,8. schoma presented s oo Tth International
Congrces of Soil Seicnes, imdiscs, W sconsin., 7th
Approximation punlishod,

1965 - New U.S. class
U.S.

1975 -~ So0il Taxounomy published

Zficatioa scihwm: adopted for use in the

Now that we hava Joowed at serz merkers for our historical
Journey, let’s tak: the tiip again, nww 3oeading considerably more

time at some of the milestoncs than at others.

SOIL CLASSIFICATION IN TWE U,S. "RIOE TO INCEPTION OF THE NEW SiSTEM:
In the U.S,, the businning of the soil survey preceded the

use of 2 national soil elussification uchenz,  Sowme of the concepts

that eventunlliy become cormerstones of the U,5. classification system,
hovever; had already boon Sorrulnted Ly .ikuchaicev; as indicatad

in Table 1,

As pointed pelnted cut by Ableitaer (1549), Gueorge M. Coffey
of the U.S. Burcau of Soils was influcicad by the idzas of Dowxuchaieve
and published “A Study of the Soils of the United States® (Coffuy,
1912), outlining a clacsificotion svatem that censidered soil as an
independent, natural body. HKis clascification vas based on soil
genesis, and it rocoprlzesd inherent d1t cronces in the soil itenlf,
The prevailing view in the 1.2., hiever, tas to treat solls from a
geolosical point of view, and Coffer . ideas were not accented.  Smith
(1983) states that Cefiay's ddias wora teo edvanced for the tima., A
few more U.S. pedol.ogists becane 7w J1i.r w-th the Rugsian pedolorical
ccncepts because of Glinko’s “ormer b clocion that arrived in the
United States arcund ! 1a. Te vz not Qovever, uatil Dr. Charles

Merbut, head of the .5, Lo’ . fo o, trnnelated the work into
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English, about 192}, that it bocame generzlly familiar to U.S.
pedologists and acceptedl by them. The fundamental thesis of
Dokuchaiev was that soil was a Cistinct, independent, natural-
historical body {Joffe, 1249}, #From thle concept, he felt that
the factors of soil fermwation, irn am- 2li.atic zone over a

geographic resion, determine the tyno of soll as manifested in the

factors of soil fcrmation,

s

profile., Dolkuchaicv sald "If wo kner i
we can predict vhat the woll veyg'd b Ldke™. He listed the factors
as parent material, plant and animal ov ,anisms, climate; age of the
land; and toposraphy. Lator. whor v epin to study Soil Taxonomy,

we will see thet these concopts nre st?ll central to our present

understanding »f pedology.

In 1928 Marbut presented - soll zlossification schome
based on the above Fussian pedologiz:l ceacepts., He later
published & niore detofled vevsion of boe achome in the Atlas of
American Agriculture {n 1678, . jatrsluced the concept of

Pedalfers, soils distiniuiched b, revwalations of aluminun (Al),

and iron {Fe), and Pedocals, Jistdn vichiod by accurmulation of

calcium carbonate, (QHCOS) at the ¥ roet classification catepory.
Although lizrbut's schome proved ot oo be ‘nclusive of all seils,

if reflected cur underscendiny of ssile a¢ that time and was the
first accepted step in the U.S. for foraiitzing a soil classificetion
scheme. I: 1937, in au attonpt to el n moce completa closs-
ification schewe, Scerctary of A-riculeurs Honry Uallace, asked

vr. Charles Kelloys, huad of the 0.0. 5uil survey, to develop a

year book of agriculturc refloctine 12 that was known about

solls; including wealnessus of onr kiorled o, at thet time. Thus,

the 193¢ USDA Yearbuol: of Arvicaltvs. onils and liem, was publighed,
including a newer schons of codl wariffiecnation. At the highest
catepory (Owder), this schene inccrrorrnted the Russian concepts of
Zonal soils (those fully reflectin, s.il f.rming factors), Intrazomal
soils (those reflectinn dondnanc: 7 ifeool factors), and Azonel scils
(soils without cenetic hovizons). Tinzl soils were still subdivided
into Pedalfers and Pudocals., Subordurs | rouped soils by clirate and
vegetation, but the thivd highest cotescry. great soil groupa, secmdd
to have the mosc apseal dn cile eyeos.  Slchough this was an improvenent
over Marbut®y first schcuwe. 1t ot:13 d<id not accormodate all of the
soils of the United Statea., Yorld ¥ar II interrupted continued work
on soil classification. Alter the -0, or, “wellogg assigned committees
to study the Great Soll .:.upe o€ the 2" system (they includid groups
with names such as Brovm rodeolics, Laeraczems, ¢te.). In 1949, an
updated version of tic * .l cos @i’ zarion scheme was publishad

(Thorp and Smith, 194%) tiat no icoser Zucluded grouping by Pedalfers
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and Pedocals and added w.ore great soil groups. This scheme, although
more inclusive, was still not completely satisfactory. In 1950, since
i1t was apparent there were too many shortcomings of the U.S. system
and other systems known to Dr. Kellosy, the decision was made to
develop a new system of soil classification that would accommodate

all of the U.S, solls and hopefully others as well,

It is of interest to us to kiixr those features that
Ir. Kelloge listed as shortcominas of »revious sgystews. Because
correction of those problemns would ccrtainly be addressced by the
architects of the new clessificaticn schee, ha listed thew as
follows:
1. Conecepts aud definiticne were baced on factors outside
of the soil itself and not vi. scil properties.
2. Zonal, Iantrczonal, and Azonai prouplngs were ambiguous
in terms of soil rosortics,
5. Hany soils were dcefined on che btosis of virgdn
conditions.
4. Lower systim categories wae: defined cn too few
propertics (limitdiny iatersistetlon potential).
5. 5oil coler was over -umphusizoed,
6. Uozmenclaturc fur hicher cote cxics {great soil groups)
avolve fron saversl languages (uixtures of nouns and

adjectives) unking it Jifficult to name intergrades.

In support of the 2ffort to duvelop » new comprchensive
soll claessification system, activities < the soll survey
laboratories were directed teowar.! ~ochaer i, data for the new
systen, Also, in 1651, a2 801l Survzy imnunl was published which
established stendard unethods of desceribing coils. This was
especlally irportant bocause it providad a uniform system of
documenting field data that would bz o necossury part of the naw

gystenm,

Dr. Guy Smith wne agsizned by Di, Jellogy to head up the
cfforts for developrent of the new systam. Dr, Suith's training
and experience particularly suited him for thils task and the new
scheme was to reflect his scientific shilcsophy. Ha hed studied
under Jenny (outhor of o touk attemptiuy to quantify the seil

forming factors)., Lr. Jeany introducci hiin to the vritings of

P.W. Brinkian, a stron; -.vocate of queoittative methods in celence.,
Dr. Smith insisted, thorciore. thav ouiil.oa proposed for the new
system be meagurabi_ . » 0 zrrefully sereencd cach proposal based

on its logic and decurunt -’ oviicac: LF yolidity, Dr. Swmith gained
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a reputation for his skill in sifting throush divergent and
strongly held views as ne produced o sarics of “approximations”

of the new system for review and te”rl.L. He never abandoned a
rigorous and acieatific approach for tho systen and also insistad
that rather then just on academic oxencfge, that It be useful.
Wth this backyround, v 2ro ready t. coa tider, in some depth, the

concepts on which ihe new classifiestion svycten was based.

CONCEPTICH AND EVOLUTION OF "ME 110U 00 L8 f#ICATION SYSTI{":

The cencepts of Yokuchalev {5~ s0ils ave natursl-
historic bodies that rellect tae Influsucs of soil forming
factors) continued as an unb: oken ticend through the carly U.S,
classification schicmes ~nd contivues as a najor part of the
philosophy ot the row classifieation, hue vith som: shife in
e2ophasiz.  The factors of scil foruation Jrovosed dn Ruszla have
stood the test of timc. The ec.ncent of zeil as o three-dinensional
natural body remains ac en underlyzs coueopt dn Soil Taxonomy,
but thz logile of thot concept hrg hows quesidoucd in recent yearas
(Rolngwen, 1°25), A lesson lesracd v Che 2arly U.S5. scheaes,
however; was that soil conesiz as 4 7 yct rod primary for soil
classification 38 too subijcetive, 77 i wors o try to predict
whera all soils ceccur Laswed on thois ooepowdvod penasls, and
classify them g procri, the acecuracy of sur classifications would

be limitel! to our underzirnding of oufl oacsis.  Thot understanding

is seldosn complete, and thas i ay be Iucisrreted with divergent
conclusions apeng reconrclhors. Ancther ~norteondng of the early
schemcs was the dififeulty of acsdgnin s scile to classifications

2. to another. Thig

b
0
I3
-~
HH
')
(8]
i

from one levas in the clessif
experience from the errlier clas seificriicre. including the
shortcomings listed carlier by Dr. wellsy-, playcd a major role

in determining the Ub,GCiiVCS; assurpiicas, and operating guidclines

Snith (1963) discussed the objuctivas. and basic 8ssunpilong

[

of the new clagsification sygten,  The acsunptions follow:

1. Soil is the rzsult of the interaction of climate, relief,

and living orranismez, 1nclu an, acting over time on
pasent waterdal, Wherever these factors have been the
seme; the soil is the same {Jirst stated by Dokuchaiev).

2, Wherever the soils ars tic .2, the responses that depend

upon s0il propevtlos ar. thy cane,

He further poirt . o oy vk wos to develop a

classification system thac wus Lobh usturol and comprehensive.
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Smith (1963} quotas Cain as sayin; that a natural
classification system 15 a grouping of things '"that belong
togethezr™, although that is rarely a unonimous decision. Cline
(1949) furtlier notes that in a natural system, onc classifies
in such a way that the name of ¢ach clisa will bring to mind many
characteristics and will fix cach srour mentally in relation
to all others. He says the objuoctive 18 co show relationships in
the greatest number and most Limoriont properties. The lowest
category 1s a prerequisite to all other cioupings. The dndividual
is the objeict of classificarlon at the lowsst level in a natural
scheme, Thecefors, hoirine considerad 50l1s as natural bodies,
defining a soil ind.wvidual (in this casa the polypedon, defined
later) was considercd cssential in {hi: natural soil classification

scheme.

A cowprehiensive system, expladroed by Smith (1963), is one
designed to permit ivclusiye of all soils, BRe further noted that
the system dcvized wouls b Zuoorslete cs vritten, but that 1t

would provide for gccomandaticon X sodltional solls as they became
known, He further noted chat o weulricate. sric system was neaded

for tyo rcasoans. first, tler human wind is limited to the

mmd vith the subdivisions

informatior it can comprechend at one tim:,
of such a multicatencric system; oniy cunse subdivisions of interost
need be cowprithended ot cne tine witiout conslderins the centlre
system. A second reascn is the ¢ wsciuaity to consider solls =zt

dlfferent levels of geacralizatisa,

£ Fuadamental feature of the svscam wes to have the taxa
di:fdned in terms of ongervabls or awcsurtble wronerties. The taxa
concents are in part onetilc, bat JAEforomtiating criteria are
operational. Thus. thae syscem is genetically based but does not

use soll zenesis divectly in the deiiniiions of the classes.

Genesis, thercfore, lics behind the deiinitions and 1s one step

removed from them. The ratlonale Zor defining taxa in terms of

goll properties follows:

1. Ve arce trying to classify solls, not soil-forming
factors or nroceseces.

2. Definition: 1n terme of £.il properties focus attention
on the soll Ltself rarbar thon on related scilences
(sucdony, elimatolo v, ohe.),

s §

o ue clagaitficed 1if

3. Seils of unhnown o

¢

defintcions are vritten in tzeon of soll genesis.

4. A classification ¢ ivrrcd bt can a2 applied with

reagonall: uriforiity by large rumbers of soll scientists.
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For uniform application of tha definitions, they must be
defined in such a manner that cach scientist applying the
definitions will apply them in a siuilar menner. Thus, procedures
for recording observations and nethouds of making measurcments for
applying the criteria are Jdefined. fShes: are termed operational
definitions. For exauple, the pY at vhich we determine aation
exchange canacity (CEC) determinus our rasult. Thus, we must
specify the method of determinzng ¢4l te be used for a given
taxonomic criteria. Clearly, the comeont of operational

definitione is very impoitant to unifora apylication of definitions.

It is useful fov us to underctan the basis on which
distinguishing diagnostic propertivs we:2 chosen. The following
propertics were listed by Dr. Smith:

1. Only those propertics that now oxist or can be

demonstrated should be uscd,

“r

2. Properties that are the vucult of soil genesis for

“hould be used for the

that Influenc. soil enes
definftion of taxa (tiis reiatoes to categories above
the family level).

3. Properties sclzcted should be -azasurzble.

Sincz the ncaencl-ture of Snsil Taxonomy is unique, it is of
interest to know the prineiples usad i ceoindng the names. They

are as followus:

1. Formative elements irere o come from the classical
languages incofir as ross? .1z,  The names must be
wnemonic znd cennote sos: of the properrcies. They
sheild £it readily into as weny nodern languages eg
possible and L. distinctive.

2. The name should indicate the wlace of a taxon in the
system. TFrom the name. one should be akle to recognize
both the catcrory of the taxon and the taxa in any of
the higher catesories to which it belongs.

3. The namcy should be ag short as possible. This is
critical in the hizher catepories 1f the names of taza

in lower catarories are to Le manageable in specch,

4. ine names should be as oushoudc as posaible.
5. Exdeting terms veve to be svolded.

Prior to consl.cring swme pulnts of logic of the classification
system, it 18 worthuhili. to refloec: o % cttitude of the Soil

Survey Staff (1963) torar! this =l-os.ficition system and classification

systems in goneral. %hioy seocoln L. .c  Uilcssifications are contrivances

N
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made by men to suit their purposcs. Tiey ure not themselves
truths that can be discovered”, They further point out that
classifications are not static things byt nced to change as

knowledge cexpands.

As discusscd carlier. the Soll

it 18 a naturcl classificzation sysiin. In such a systen, as
mentioned sarldex, individuals were concilered the basic unit of
classification. From the concept of ezils as natural bodies, it
followed to define the soil indiviaucl. Cline (1963) discusses
the relationship between the nutural soils as we find them cut of
doors and our units of classification, ‘tuu terms and theiy

relatlonships to each ctiier were afiard (Joil Survey Staff, 1975).

Pedon: The smallest avea for vhich we should deseribe and

sanple the coll to wewroonat the nature and
arrangenect of its Lerloons aad varfability in the
other nropertics uiiit ave peoserved in samples.

(A unit of sawpl.nn).

Polypadon: .\ soil, tii: soll tant we classify. It consists
of cuntifuous simfior ;.:cus that are bLounded on all

gides by “acn-scil' - by pedons of unlike character.

Thus, the soils that ve elassuys are considerad as coitlsuous

units that grade to vaits that ave Jiffcreut enough that we
recognize them as having a differon. cloesification than the one
unde” coneideration., de estimate poly. dow properties from a

sample of that unit (2 pedon), “hae, % on ue die a pit or obtain
s01l materials from nn avcer borias, v are cbscrving and

measuring materials framoue samplio: weir. It is this material

on vhich ve recoid observiiiions and w'.. neasurements, both in the
field and laborateory. Once those nonsuczmeats ere nada, we coupare
them tc the taxononic criteria to dacid: the classification to
assigu to the soil that we samiled, 4. wractice, within a delinested
mapping unit. ve ofton have one or more sioadlar polypadons and even
included disscimilcn unilts. Lagzpine units nlso posscss, in addition
to the propertics of the »nolypudon, lardscape propertics such as
slope anu aspect. Some more roeant tiicgophy (Holmpren, 1985)
suggests defdning the soil strictly Ly operational torms without

invoking ;edon and polyrcion econeepr:.
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IV. PURLICATION AND USE GF SOII TAXCNOIfY :

The objectives, logic, and assunptions of the new class-
ification system were tested, beginning in 1951, through a series
of ‘“approximacions” sent to pudolopists in the U.5. as well as
in other countries. Testing and modification of original dldeas
were sufficiently formulated by 1950 that che now classification
system was prasented at the Internationcl Congress of Se0il Science
in ifadison, Wisconsin. and published in Zcund form as the 7th
Approximation in that year. After adadticonal refinements, the
system was officially adopted for general use in the United Statas
at the beginning of 1965. There waa a veriod when proposals for
improvement and modification were acecpied but not acted upon in
order to hold the system stable enough for seneral use and
testing. Soil Taxonomy was publishe! in bound form in 1975.

Now proposals for modifications arc processed through the Soil
Taxonomy Policy Cormittec, Froposals for wiodification from the
internaticnal community may be rere.rd! <o ICOMS, international
committees that deal with specific 505 of sroblems or clesscs

of soils. There is. thovedore, an on;olng srocess by which
changes w11l be made to Soil Tazcincuy as needs for changes are
recognized and our kunowledee of pedology increases.  Soil Taxonomy
is, therefore itsolf, yet another ~uprorivation to be followed by
others as our understanding beecoucs mcrc complzste, lartelli (1975)

sumnarized the future of 3Soil Faxvaciy ir the following nanner:

' "Soil fexonu.y hos the beat chance for
healthy evolution where thore 23 a a#2ed mix of
fi21d mapping and - grovin,, knovicede of soil
gennsis and soll behavior In :he scientific
community. §g}E;Taxonom2 must be kept dynamic,
it should react t, new kmovladye. esnecially whén
this knowledga encuupasses soil belhinrior or our

ability to predict response to munazcement,
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DIAGNOSTIC SURFACE HLRIVOHull

MODESTO P. KECEL
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Manila, Philippines

I.

II.

1T RODUCTION

Soil horizon is beinp used extenszively as a means of
identifying solls. It is a layer thob is usuuslly parallel to
the soil surface of which some properties arc products of soil-
forning processes which makes it different from the layers just above
and beneath it (Seil Survey Staff, 1951). These horizons arc partly
recognized by tlicir own morphological and partly by certain

properties that differ from those horizouns below or above it.

In the carlier classirficatlon cf Fhilippine soils, genctic
herizons which are qualitative descrizcoion about the chanpes that
have occurvad Zn the soll have been used, The dingnostic horizong
on the other hand are defined in terms of quantifi:d properties of

the soil that arc used to senerate different scil taxa.

This paper was adopted {rom pages 14 to 64 of So0il

Taxonomy.

DIAGHOSTIC SURFACE HORIZOMS

The diagnostic surface horizons are usually referred to in
Soil Taxcnomy as EPIPEDON, from the Greck wozd epi which means
over or upon the pedon which mean sci'. These are thercfore, the
horizons that form at the surfacc -~ui «low darkening with orgonic

matter or have eluviated, or ruck siruciure has been destroyed.

1t is possible chat the cpipadon mry be coverad by a thin
alluvial or thin colian depesite, bu: retain its Ldentity as an
epipedon or clse it becomes a buriad horizon 1€ it lies below

50 ¢m or more.,

L/Pnpér presented at the XIV Internat! --7 urow on Soil Taxonomy sud

Agrotechnology Transfer for tine SEa. vCgion June 16-28, 1986 held in
the Philippines. f.
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The epipedon 18 not always the A horizon. It may include
part or all of thc B horizon 1f there is also darkening by organic

matter herc.

The properties of che epipeden 1a determined after mixing
the upper 18 cm of the surface er the luice surface soll down to
the bedrock, 1f it o thlwer the ic o1 The nixzog process is
roquircd so ae to insura no chong . in wloosifiication when the soil

1s plowad.

HOLLIC EPIPEDRON
This surfoce hiorison ig vel-tiviiy thick. dark in color, rich

in humus. or on: 1in which =i exes o o oouziex 1s Jdominated by

cations and has a moderote to stoonyy ovructure,

The molldc epinadun doyy, 3
deposition of ormp fc residucs vinre tivaliot cations particuiarly

Ca are ebundant,

The wmeilic cpipedon ds definzd with the follewing preporties:

1. Strong structurce such et thz wjor wert of the
Lordzon is not btoth mossive -ad hard or very hard
vhaon drv,

2. dave Fuasell color value daricey thon 2.5 when moist

and 5.5 when dey cod chiwn Less than 3.5 whea woist,

unlass thore o wove 70 00w ceent Einely divided
llrme. Bui 45 the [ .07 <7 1 llme iIs more than

i uaived because the

40 percent, the cot. ’
finely divided lime « - 7. s.iyments; although the

celor volue modst shoeusa 005 or less,

In short thx no' .. < iptden shoueld be dark 4n
color aad lor oo s Uel najor part of its matrix,

3. Base setuwiarles or ol il ~ettod 48 50 nercent or more.
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4, 1t contains 2.5 percent o norc organic carbon in the
upﬁer 18 cm Lf the cclor raquirement is waived or if
not, has at lcast 0.6 pcrceat organic carbon throughout
the specificd thickness.

5. The mollic cpipedon haz wvazi-vs thickness requirements
depending on certaln canlowias, After mixing it is the
uLpor oem of snil, o0 s o le soil if it is €18 cm to a
rock, petracaicic helion, i dieipan, lHere, the other
thicknéss vequipmmenis nra ostociated with the presence or
abserica of a lithic ceatari, teitture, lime, certain subsur-

face horizcrs, neroznlolc horizon or duripan.

6. Has lesa & o0 oo < . vw lt clther has increasing
amounts of 0 iu ciisic ~uid or has phosphate nodules

in the epipelon,

7. It ds mois ia cuma pavec for 3 months or mora of the
year 1n more thuan 7 yearg cut of 10 years at tives when
the soil temperaturc 1s 4°C or higher at a depth or

20 e if the soil is not irrigeted.

¢ The n-value 15¢0.7.

ANTILOPIS EPIPEDON

The anthropic epipedon resomlle: the mollic epipedon in
21l properties wrcert the hdgher 12mlts on acid soluble PZOS with
or vithout the 50 peruo base atro oo, or the length of

perded durdng which it has av.ocialls llueiure,

UMBRIC EPIPIRON
The umbric copipedon meets the required properties of a
mollic epipedon except that the basc eaturation by NH4OAC

€50 percent.

HISTIC EPIPEDON
The histic cpipedon is a layor at or near the surface that
is saturated with water for 30 consccutive days or more in most

years, altiowugh it may be artificially drained. It should also
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meet one of the following requirements.

Normally, it is a thin, horizon of peat or muck 1f not
disturbed. However, vhen it is already plowed it contains high
organic matter resulting from the mixture of peat and mincral

materials.

It meets one of the following requirements:

1. The surface horizon consists cf organic material at
various proportions under certain conditions as defined
in Soil Taxonomy, papes 17 to 10.

2, The plow layer is 25 ci: or more thick and has 8 percent
Or more .rianic rarben if it has no clay or 16 percent
or more organic carbon 1f 1t hns 60 nercent or more clay.

3. &4 layer of organic material that has enough organic
carbon and 1is thick enough to satlsfy one of the
requirements in Item 1.

4. A surface laver of organic cotarial €25 cm thick that
has cnough orpanic cavber. to satiefy the winimum
requiremants under iter 2 after mixing the upper 25 cm

depth.

PLAGGEN EPIPEDORN
This 1g a menmade surface horizon vhich is 50 cm - more

thiclk and which has been produced by long continued manuring,

It is commonly identified with the presence of artifacts
such as bits of brick and pottery throughout its depth., It
norrmelly shovs spade warks and rermants £ thin stratified beds

of sand.

OCHRIC EPIPEDOM
The ochric cpipedon has tor hlph color value or chroma,
too dry, toc little organic matter, too high a value or too thin

to be mollic, uwmbrie, anthropic, plaggen or histic. It is both

hard and massive whea dry.
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OTHER DIAGNGSTIC SOIL CHARACTERISTICS

ABRUPT TEXTURAL CHANGE - ‘This is o change from an ochric
epipedon or albic horizon to an argillic horizon. There is a
raquired increase in clay content within a very sbort distance

in depth.

If the clay content of tho ochric epipedon or the albic
horizon is less than 20 percent, thc clay content should double

within a distance in dopth of 7.5 ecm or less.

FXCHANGE COMPLIX DOMINATED BY AMORPHOUS MATERIAL - Amorphous
nateriel is a colluidal naterial thet hac all or most of the
propertices of allophane and it is gencrally amorphous under
X-ray with the presence of crystalline meterials to causc

small and disordered peaks.
4n exchange complex is predcminently amorphous i1f:

1. The exchangu capacity of the clay at pH 8.2 is
greater than 150 meq/10G g clay,

2, The ratio of 15-bar water content to clay 1is more
than 1,

3. The p“NaF is preater thaw 9.4 after two minutes
il there is enough clay to nave a 15-bar vater content
of 20 percent or more,

4. The organic carbon conten® is wmore than 0.6 percent;

5. The DT, shcws a low temperatUre endotherm; and

6. The bulk dansity of the f'ne-varth fraction is less

than 0.85 g/cc at 1/3 ber teasion.

COEFFICIENT OF LINEAR EXTE{SIBILITY {COLL)

The Cole value is the.ratic of the differcnce between the
meist length and the dry length of 4 clod to 1ts dry length. The
expression 1s (Lm-Ld)/Ld vhere Lo g phe length at 1/3 bar tension

and Ld is the length when dry.
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It can be calculated from the difference in bulk density of
the clod when moist and when dry. It can also be measured from
the shrinkage of a sample that has becn packed at field capacity

into a mold and then dricd.

DURINODES =~ Durinodes (from L. durus, hard and nodus,

knot) are weakly cemented with 8102 to indurated nodules.,

GILGALI - This is the micrcrelief that 1is tupical of clayey
golls having a high woefficient of wipansion with changes in
woisturc content., The microrelief ocred{ots of enclosed eicrcbasins
and microknolis in ncarly level arcas or of ricrovalleys and
microridges in rolliing creas., iderz, the height of the micrordigas
ranges from a fev centimeters to ! w or more but rarely higher

than 2 m.

LITHIC CONTACT - This 1s a toundary between soil and
coherent underlying materizl having a hardness of 3 or more in
tke Mohs scale but does not includa curipan or & petrocalcic
horizon and it must be within 5G cn of the surface of a mineral

soil to be diagnostic.

MOTTLES THAT HMAVE CHROMA OF 7 CX LESS - Msttles are spots
of contrasting colors. For exenple, a scil having gray color in the
matrix with a few spots of red and brown, Here, the mcttles are
the spots of recd and brown. It rebere to colors n a horizon in whackh
parts have chroma of 2 or leas, moice, nnd value, mrlst of 4 or more
vhether or not fat part is deminant in volume or shether or not it
1s a continuous phase surroundiag snots of hisher chroma. The part
is excluded fron the meaning if all ke horizon has chroma of 2 or

less or if nu part of the horizon hrs chroua as lov as 2,

The mottles that have chreua of 2 or less alse means that the
horizon is saturated with water =t swmo pericd of the year on the

goil {3 artificially drained.
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n VALUE - This value refers tc the relation between the
percentage of water under fleld conditions and the percentages of
inorganic clay and humus. It can ba aslculated for mincral soil

materials that are not thixotropic by the formula:

n= (A~ 0.2k)/L + 3R)
Where: A = the percentage of water in the soil, calculatcd
on a dry-soil basie.
R = the percentage of silt plus sand
L = the percentage of clay
il = the percentage of orgenic matter (organic carbon

x 1.724).

The criticel n value of G.7 cav Le approximated closely
in the field by a simplec test of squeezing the soil in the hand.
If the soil flows with difficulty tetwecn the fingers, the n value
is betwzen CG.7 and 1.0, It is 1 ox more, 1f the s0il flows easily

between the fingers.

CRGANIC SOIL MATLRIALS - Orgonice soll materisls either (a)
are saturated with eater for long nerdceds ov artifiecially drained
and have 1€ pcrcent or more organic carbin if the mineral fraction
is 60 percent cr more clay, 12 nercent or more organic carbon if the
nineral fraction has no clay, cr 2 vuepoirtional amount of organic
carbon between 12 and 18 percent if “he clsoy coatent is bhetween zero
and 60 pcreent, or (L) nre never saturatad with water for more than

a few days and have 20 pereent or rrc 2rganie enrbon.

Item 1 above 2r: the peats and wuck while thos: in item b

are the litters or 0 horizons.

PARALITHIC CONTACT -~ This acous 1ithic like vwhich refers to
the boundary between soil and continucus coherent underlying motordial
which has a hardness ~f jecss thin 3 by lich'e secals, if it is « single
material . But if cho underlying metorial ig not a single materieal,

chunke of gravel size can be brokcn sut disperse more or less
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completely during 15 hours of end-ovar-and shaking in water or in
sodium hexametaphosphate solution. If it ic moist, it can be dug

with difficuley with a spade.

PARTICLE-SIZL, CLASSES - Classco cf soils based on both
the fine carth fractions and the rock frasments in selected
horizuns or within arbitrary limits of Jepth. It is used to
define & number of taxa az well as it 1s used as differentiate

at the family level.

PERMAFROST - Ts 2 layer in vhich the tewperature is
parennially at @ bulow 0°C, whether the crnsistence is very hard

or lo-:ae.

PETROFERRIC COWIACT - A word petroferric is derived from
the Germern word Petrua vhich means rock, and the Latin word ferrum
which means ivoun, impiying ircuestonc. Hence, the Petrofcrric
contact is n btoundary betwenn ss5il and = continucus laycr of
induratad moterlal Zp which dvon s on irpertant cement and organic
matter is absent or i present crly in tracee. To be diagnostic,
it is requirad thet it must be contive-us within linits of a pedon
but may be fracturced if the average lateral distance between
fractures 15 16 o The lndurated layer differs from a plecic

horizon and frunm an ortstein by the abs:icc of orgunic matter,

PLISTHITE - This 1s deraved from Gr. plinthos, meaning
brick. It is ar iron-rich, hunus voor nilxture of clay with quartz
and otlier diluents., Plinthit: oceurs -3 darh rod mottles, which
usually are in platy, polygensl, oo reticulate patterns. It
changes irroversibly to an ironastrue hicdpan when exposed to
repeated wotting and drying, espeelaiy vien exposed also to heat
from the sun. It ia called nn dronestone aficr irreversible

hardening.
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It dcec not form a continuous phace if present in small
amounts in the scil, but 1f a large cucunt 1s present, it may

form a continuous phase.

POTENTTIAL, LINZAR EXTENSIBILITY - This is the sum of the
products for each horizom, of the thickness of the horizon in

centimeters ond the COLE of the hordzou.

SEQUUM: NUMBER AND KIMD -~ This is a sequence of an
eluvial horizon ané its sub-adjacent U horizon, 1f one is present.
This 1s illustrated by an Albic horilzen end a spodic horizon

immediately urnderlying it.

CLICZENSINES - These are pelished and grooved surfaces that
are produced by cne mass sliding past anothier, They are very comnon

in guyelling cleys.

SOFT POWDLRRY LilE -~ This ic tte trenslocated authogenic
linme that ie soft encugh to be cut readily with the finpgor-nail.
It 1s the lime that is precipitated in place from the soil solution

and not from the parent material.

SULFIDIC MATERIALS - These -re vaterlogged minerals or
organic soil materlal containing 0.75 Zoreont orwore sulfur
(dry weight). They arc nostiy in sulfice forms aand they have loss
than threc times as much CuCG3 oquivalent as sulfur. The sulfidic
materials accumulate in & seil that iz o¢-manently saturated,

generally with bracklsh water.

THIXOTRCPHY -~ This is « property of soil that relates to a
reversible gel-sol transfurmation ander Igotherral shearing strese
folloving rest. It is tested in the field by pressing a bit of
wet soll between the thunb and foref irger <herein, at f£irst it
resists deformatlon, but with iucezainy pressure, the soil is
molded and defonuoed, and with pors ~wissure, the sodll suddenly

changes frem plastic solid to a liquic, and then the fingers skid.

5
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Here, the liquified soil sets back to its original solid state

after a secoad or two.

TONGUING - Per.irsuions of bleached material that has the
color of an albic horizon in an argillic or a natric horizon. Herc,
the vertical penetration is more than 5 cm ond the horizontal
dimension is romging frem 5 mm to 15 im €T wore depending on the
texture of the argillic or natrle herizons. The penetrations
must also occupy more than 15 percent of the matrix of some part

of the argillic or natric horizon.

HTERFINGERT:iG - This conccrns the inter~fingering of
albic materialc consisting cf ;*enetvatimns of albic materials
into an underlyiug ergillic or natric norizon primarily along

vertical Faces cof peds and to o lesuer degree clong horizontal

faces.

Intéf Incering cf alblie nmeterdoels wcet certein requirements
in a norizom that is 5 ecn or core sarek such as (2) half or more
of the matvix consists cf peds dthe a.pillic or natric hordzon,
(b) albic materials arc thicker tihae ¥ .m on vertical fnces,
but are too thin to be tongucs, and {2) ciay skins are present in

the peds.
Albic wnterials also mect certain c>lor requircuents.

WEATHERABLE MIMERALS - Those s aither (a) clay minerals
consisting of c11 2:1 lattice cloys wozepe the alupinun-inter-
layered chlorite Y 4ncludes others st cre not of clay size
minerals (0.02 to 0.2 ma in Jdi~meter) such as feldspars, feldg-
pathoids, ferromagnesion: winerals, sisse, micas, zeolites, and

apatite.
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SCIL MOISTURE AND TEMPEXATURE REGIMES Ry
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INTRODUCTION:

This so0il tewpoerature and mojsture regimes discussion 1is based
partly oa discussions by Dr. Guy Srith in rosponse to questions
asgenbled and asked by Dr. Lozuwy on the vationale for 50il Taxonomy.
The discussions took place from 1977 to 150U sad were first published
in New Zealand Scil News and later in the Unzted States in Soil Survey
Horirons. Soil Taxonmomy fitself jrovided mest of the remaining source
material. The objective of thia prascatation is to dlscuss the genceral
raticnale relatud to the use of moisturc cad tompernture regimes and

how they were placed into the framcwors of 50il Taxonomy.

The quectlon has becu asked why climatle parameters, moisture
and temperature, werc used i. Soll Trxosmy when these are considercd
by some soil scientists as factors exiernal to the soil. Dr. Smith
granted that the moisture regime relaton o climate imperfectly,
pointing out that on a given farm, some secilu are wetter than othere.
He emphasized, however, that soll moisture rerimes strongly influence
soll development and thus thedr properti s, U3 pointed out what we
commonly obscrve--that both moisture and t:uporature generally determine
the vegetation te be found in a given locale. In addition, he noted
the importance of terperatire on the rate of chemical processes and,
thus, on the rate of weathering of minczals in soils. We recall from
basic chemistry that an increase of 13°C dsubies the reaction rate of
substances in solutlon. By this cheinicnal roiatfonship, temperature and
moisture are both directly tmnlicated fr coil geathering,  Jenny
recognized these ddeas and listed climate as one of the factors of roil
formation. ‘[his relates to a basic assurytion usad by Dr. Smith in
Soll Taxonomy. That agsumption is that proporties that result from
genesis (such as clay skins) or are facturz in genesis (such as climatic
factors) which arc causcs of other propirties cre the factors that
should be uged In the definlitions, As w2 will see later, thesc propertics

~

were considercd important enoupgh to be usad at very high taxonomic levels.

Moisture and temperature arz, to 2 larpe degree, interdependent
in their influaace in soil scilence and ir nature generally. We will
eventually diccuss their interactive fafivince semewhat more spee ifically,
but before we do that, let’: cuasid.e hoos they are used individually as

criteria in Soil Taxonuay.

1/

~"Paper prescnted at the LY Teterens.oanl Dorutt on Soil Taxonomy and
Agrotachnology Yransier, Philippliaes,
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Soil moisture regimes are bascd on the emoun’. of time and the
tines of the year that a portion of the soil, defined as the moisture
coutrol section, is moist. The moisture coatrol secticn 1s an
arbitrary index depth used to compare coll wmoisture regimes. In a
agiven soll, the moisture :ontrol section is defined as the depth
between the Zower boundary of wetting by 2.5 cm in water 24 hours on
a dry soll and the lower boundary of watting by 7.5 cm of water in
48 hours, also on a dry soil. This gencerally cquates to depihs
between 10 and 30 cm for fine textured seils (fine-loemy, ccarse--silty,
fine-silty, or clayey), betuecn 20 and 60 cm for cearse-loamy solls,
and between 30 and 90 co for sandy soils., Tthese depths can be estimatad

from water rctentlon and porcsity data.

Spccific criterda for the moisture regimes defined in Soil.
Taxonomy list the number of days znd the times of the year when soils
of a given moisture regime ar2 mcist or dry. Only the general concepts

are listed here:

1. Aquic =~ in most years, the so’l ia saturated with oxygen=-
depleted water durlng part of the srowing season; peraquic
if a continuous condition (sucu as tidal marshes).

2. Aridic (also Torric) - moisturc control scction dry most
of the growing season.

3. Udic -~ no part of the moilsture control section may be
dry for wore than 3 months, curmletive. The most favorable
for plant growth; perudic if a continuous condition.

4, Ustic -~ nmnoisturc control scction dry in some parts more
than 50 days; cumulative. Intermediate between Udic and
Aridic.

3. ZXeric - Hediterranean Climates (dry during the growing

season),

Let's look now at the soill orders and suborders end observe

vhere the moisture regimes arc used.

Alfiscls Oxizols
Aqualf Aguox
Boralfs Torrox
Ustalfs Hunox
Keralfs Ustex
Udalfs

Aridisols Spodounls
Argids Acuods
Orthids Ferrods

Tluods
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Hollisols Ultisols
Aquolls Lquults
Rendolls Hunults
Xerolls - Udults
Borolls Ustolts
Ustolls Lerults
Udolls

Vertisols
sererts
Torrerts
Uderts

Usterts

Because of the large influorce of a reducing moisture regime cm a
soil, iIn orxders where they ozcur, the aqulc suborder is listad first in
the key. Looking at othur orders, cae of chum, Arldisols, is defincd
primarily by modcture regime. Fefsture wordves other thea aquic play
a major role in the definitlons of suborcors of six additional orders.
Histosol suborders are prinmerily bascd oa lugree of decomposition and
are, as a whole, forued unucr moict eo ificus, so ageln moisture is

involved.

Since Entigols and inceptiscls arce zus highly developed, except

for Aquepts and lquents, subord.:rs are basud m properties thac cause

1

.6, hevever, are used at the
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reat group level. Yor example, Ustochw...s. crochrepts, Ustorthents,
g + I

Torriorthents, ctc,

We have describad the central vols thnl roil moisture plays in
the framework of Soil Taronows. Now let z look at the role and

definitions of soil tumpcratur. regices.

Perhaps temperature more directly affccts the biology and
chemistry of the soil than moisture bacaus., iven adequate moisture,
temperature delinits length of grovine «..ons, rates of soil
weathering and microbial activity. A causifon wan exsressed by
Dr. Charles Kelloge (1241). T wrote thac eldrvice within the soil
is unlike that ebove the woi) and that, loosely speaking, as the
climate "onters the soil”, it 1y wodiftod 07 goil conditions., Soil
temperatuves; although different fron -iv tu:.uratures as Dr. Rellogn
pointed out are, howcver, usually predi. o ble within practical limits

from air temperature data,
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The authors of Soil Taxonomy verify the degree of modification
from air to soil temperature in some detail by graphic and tabular data.
They discuss daily and seasonal fluctuations, the functions of soil
depth, soil moisture, soll cover, slope, and variations due co
latitude. From this knowledge, they poilat out relationshing that we
find used in the rationale of soil tempuraturc regime definitions.

Alr temperatures are useful to estiunte 9ol temperatures if they

cannot be measured directly,

Since the soll tomperature gradient ic vssentlally linear in
the upper meter and temperatures at 50 cm fluctuate little relative to
diurnal air temmerature fluctuations, 59 cm wog chosen as the soil
depth on which soil temperature regiames would be based. Temperature
regimes are basad on mean annual tewparatures end differcnces
between winter and summer moan temperaturcs.,  TWo generally parallel
groups are defined, thosc of th: temjerate repions where summer and
winter temperatures usually differ wmore than 5°C and those that have
little (< 5°) seasonal fluctuaticn, nostly in the intertropical zone

(denoted by the prefix "is0"). The pencralized definitions are:

1. Pergelic ~ continuously frozun,

2. Frigid/Isofrigid -~ mean annunl tiiperatured 3°C.

3. Crylc - temperature is esscntially isofrigid but varies with
"0" horizon c-ver and moistur.,

4. Mesic/Isomesic - mean annual temperature is equal to or
rore than 8°C but Lisg than 15°C,

5. Thermic/Iactheruic-mean annual teogperature is 15°C or more
but less than 22°C.

6. TMyperthermic/Isoayperchermic -+ menc annual tenperature 1is

22°C or higher.

lixamples of tempecrature variations :in locations at different
distance frou the equator are shown in Tablc 1. The similar mean annual
temperature in the central United States and Xcuador Lut with differont
sumer and winter temperature patterns wphasizes the utility of iso

tenperature repiucs,

Table 1. Comparison of Temperature Ranges ov Latituda.

i YhiuT § MEAN T MEAW | TEMP. ©
LAT! ) fuidiisl ; JAN. | JULY ' REGIME

CITY AL STATE

s e w0 s oo o

;T T T DEGREES € —-
Onaha, Nebraska 41°13*n e -~ 4.6 25.6 Mesic
Key West, Florida 24°31%% e 21.0 28.4 Hyperthermic
Manila, Philippincs 152357 L 25.1 27.3 Isgohyperthermic

Cotopaxi, Ecuador WU | WL L0 9.8 10.3 1Isomesic
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The concept of 180 temperature resimes ims drawn from the
experience that limitations on plant srowth are quite different in
the intertropical regions from those of the tenperate zones. Dr. Smith
explained that cessstion of plant growti in tewwerate reglons 1s
determined by temperature, vhereas, in ini2rtropical regions, it is
detexmined by moisture. Soils in areas in vaich plant growth is
controlled by temperature receive large or -auic matter “flushes' at
about the same time of cthe year. In the iatecracpleal areas with udic
moisture regimes. on the other hand, orponle mattar 1s added evenly
throughout the year. Dr. Snith felt that “hcre were different genetdic
effects of a large avount of orpanic wattzr coming over a short period.
and the same amount cominz over a full yenr. Cinece there may also be
cessatlion of plant grouth in ustic woisturs raclmes in the tropics
(moisturc control of plant prowth} with similar resulting ovpanic
natter “flushes’. the Tiopic ereat grouns are primarily restricted

to udic moisture regimes, althourh there are fuw exceptdons.

The selection of the temnmcrstur: ceiteria was based on

isotherms in the United States thnt coinelied with growth of certain
courercilal crops. The 37 tempurature isnthovn general ly separates
winter and opring wheat grovia: areas an? :lse areas between wherc corn
(maize) can be growm for crain and whare it cun be grown for silage
only. Cryic soils wer: separated uith khe th:ouizht that they were too
cold to be cultivated. The 13° llwic .o chesen because that isotherm
is the northernnogt limit of wierce cotton is orotm. The 22° isotherm

is the nerthern extent of the citrus an. v4nler vegetable belt, For
convenlence, the same moen annual temeeracurs limits were used for

the isctemperature regimes., When Soit Faxouciy was publdished, the

linits also seemed rensorable for the Irtextenpical region. Since more
experience has been galned, ‘t appears flat 13° pight be a bettar break
between isofripid and isomcsic. It alen npreavs that hyperthermic and
isohyperthermic repiuwes could he combina. snother suggestion is to
Separate a higher temperature repime {mocoecharnde) at 28°C,  7The
placcment of iemperaturc repimes within & suborder and preat framawork
of Soil Taxonowy can be understood by otiorving chere formative names
denoting tewmperature re dres oceur on pagee U6 and 6§67 tables of Soil

Taxonomy. Table 2 surmarizes those suborders and great groups,
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Table 2. Soil Temperatures at the Great Group Level

Alfisols Inceptisols
Tropaqualfs Cryandepts
Boralfs Cryanquepts
Cryoboralfs Tropaquepts
Tropudalfs ‘fropaquepts
Cryochrepts
Tropapis
Cryumbrepts
Aridisols
Entisols Holilisols
Cryaquents Crayaquolls
Tropaquents Borolls
Cryofluventa Cryoborolls
Cryorthents
Troporthents Saedsols
Cryopsamments Cryaquods
Iropopsammants ‘ropaqueds
Cryonumods
Tropolitmods
Cryorthods
Troporthods
Histosols Ulticols
Borofibriats Tropaquults
Cryofibrists Tronchumults
Tropofibrists Tronudults
Borofolists
Cryofolists
Tropofolists
Borohemists
Cryohenists
Tropohemists
Borosaprists
Cryosaprists
Troposaprists

Primarily, Cryic and Tropo eliucnts occur as part of great group
namas. Trop 1s also used as a suborder elurcit with Inceptisols (Tropepts).
Vhen temperature regimes ara not named o ipulicd In suborders or great
groups, they are named as part of the £y dusignation. The soll

temperature reyimes, for exanglu, are noi pamed in Ffamilies of Crylec great
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groups, They are, however, named in fapilies of TIrop great groups
because although Trop designates uniform temperatures throughout the
year, it does not designate the mean annual temperatura grouping (i.e,
Isomesic, Isothermic, etc.). As with moisture regimes, temperature
regimes have a prominent role in the framework of Soil Taxonomy .

As mentioned earlier, it is approypriata to discuss soil
moisture and temperature regines together einze moidsture and
temperature act interdependently on their offacts on plant growth
and soil genesis.,

Some example hterrelationships follow. The most highly
weatheraed soils ((xisols, Ultisols) occur whors temperaturcs are
high (thermic or hotter) and moisture regires are Udie (and sometimes
Ustic). Thermic temperatures are cufficiently high to cnhance chemical
and biologic actdvity while Udic moisture regimas provide ample but

not excessive moisture for cliemical and blologic activity.

At the cold temperature ew!-:, o furgelle (continucusly frozen),
essentially no soil weathia.zng occurs be o ase low temperatures per se
impede blological activity aad moisture is inc¢ffective becausc it is
frozen. Further, since water cannot move, the transport mechanism that

contributes to soil development is non exiatont.

Iiigh temperatures (thermic and warr2r) can have no beneficial
plant growth influence vhen meigturs 1s limited (aridic). With alniral
plant growth, other blolegizal activity is highly impeded and additionally,
little chemicel activity occurs, again with lititle soil development as the
regult, Excessive moisture (aquic noistuic zzpimes) also restricts
biological activity. "he result is comaonly a larger accumulation of
organic carbon. An extreme cxpresgsion of this condition may result in

the formation of organic soils.

As discussed earlier, pattemns of moistare or temparature are
also important. We mentioned that in the intertropical regions where
temperatures are warm enough, plants can grow all year if there 1is
adequate noisture but, when moisture is limited during parts of the
year (Ustic), plants grow only when there is adcquate moisture (unlcss
there 1s irrigation). Temperature oxtremes likewise limit plant growth
to warm tines of the year cven though moistur: nay be available for
plant growth. We also nbuerve the c¢ffiete of moisture and temperature
extremas by evidence of cracking and alternatz swelling in goils, The

evidence occurs as slickeasides.
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To summarize, we have discussed the rationale and criteria for
soll molsture and soil tewpoerature regimes. Ye also dipcussed the
central rcle of soll moisture ond tenperatute properties within the
framework of Soil Taxonomy. We have also scen that functions of
moisturc and temperature are interdependunt in soil formation and

plant growth as they are throughout naturc,
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SOIL LABORATORY ANALYSIS FOR SCIT, CLASSIFICATIONlj

MOD4STO R. RECEL

Chief

Soil Research Division
Purceau of Soils
Manila, Philippines

I. INTRODUCTION
In gcll survey. the surveyor ideally would record and map
the values of all reievant properties all over the survey area.
This is rarely done, however, in actual tcactice for reason of
economy, time and limited wanpower. llence. soil survey is usually
gimplified by the surveyor by no laonger looling and mapping all

values, but only the class limits,

In s0il survey, the soil map should have a purpose., The
map should hel-: soive a gilven problem or provide information on
those properties of the =0il that uway affect the intended

utilization of the coil.

llaving identified the purpose and snowinn the particular
problems, the soil surveyor begln io determine which soil proverties
or aspect of soilpeiavicur causes or s related to the problen.
These are the properiies that shoulsl o smapped rather than mapping
the survey azes in intricace details, cniy vo find out later that

the protlem {5 only related to only une i twe soil propert; es.

It is not enough. liovever., thot tie above requisites are met.
The surveyor must also ltuow his v Limitutions. 1le should recognize
that he himsclf, is not solving the =vchien. In soil survey, he
can orly ascertain the deliueatior and digtributicn in the survey
area of the desirid soil propertles that o.: related directly or

indirectly to the probler. ile recovds &z oroperties and present them

1/
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using a classification map and the legends. That map becomes a
means or a tool with which the problemtsclvergefu the information
about the desired soil conditions without actually going to the

problen area to see for himeelf.

THE NEED FOR SOIL ANALYSES

Lalevant goil properties for survey purposcs are quite
expensive and/or laborious to determine and mary of them can only
te determined in the laboratory. The iata 7ill cuil:le the surveyor

to interpolate scil class bLoundaries cfcrvards.

There are manr uieg of soll anatyses. 1t is used in soil
survay, in the inventory of soll resouvecy, in cvaluating soil

limiting provertics: in soll genesis, in soll fertility. ctc.

For our purposc; ve relate goll analyses with goil survay
and clascification, Ve use seil analveis to characterizc
quantitatively che propertice of some oF st of the mapping units.
Ona can alsco adjust ile survey proc duzcs 1 laboratory data are
available before the start of ti suvver. in actual survey. the
data can be uscd to esvablist relationshivs vetween soil propertiles

and the landscape.

501l laboratory daca are also useful in arriving at correct

classification of soils in varlous soli classification systems.

The data is also u<ed in Jdezail & Jaud cvaluation as well as

in the develsooment of wcapablility clascifinetion of the lend.

In land resources lnventory, soi’ lobore tory lata can be used
to develop soll propeyrty {rtor-ralatloustins vhich will help pradict

another propcrty of the soll (Esware 18777

“L0ID5 OF ANALYSES
The purpose and kind of survzy dictates the types of analyses

to be done.
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Eswaran (1977) identified thrce classes of soil analyses in

relation to the purpose of the survey. Clase I are the analyses required

in Soil Taxonomy. Class II are the avalyses perforucd for specific

purposcs or problems, and Class ILL for renctic studies.

Tables 1, 2, and 3 enumerates the types of laboratory

analyses in rcolation to survey objactives,
Table 1. Class I. Analyses requirced in Soil Taxonony (Eswaran, 1977).

14. General analyses raguirad un &1l horizons on all profiles.

1. Particle slze divtritution by pipette method
p=p

2. Urgooe carvdon, nitres :u

3, Cation Fxchange Capacity (i%,0Ac, pit 7)

’

&, Erxchengeable bascs {Ca, i, Na, X)

5. ot in Hou aad 1R AC1 (10D

6. 1N ¥Cl - exrractabla Al

7. taCi, -~ tricthanolaui-e [oil U.2) }a

8. CBb - extvactabic fe,d,

1B. Analyses required o1 o 1w goiected profiles to tesot
specific raquivement:: o1 Snil laiionomy

1. Dulk deasity - for th: Zndspte and the “Hum™ sube-
orders aad GG

2. pi in LM nal - Andepts and Spjdosols

3. 15 bar watcr - Incepslesls, Alfdisols, content
Ultisole and Oxisols

o CEC Ly M3 ¥H "L Jeisola

.

5., CILE valus - Yartizelo, ¥eyidle SC

6. Conduzt.vity -/ ridescls, oo fandlies
7. CaCGj, Casy, - Aredosuly. (0lliscols
: b

1C.  Analyces venulred onoa £.0 nolzcted horizens to test
specific roquivencnis of Joil Taxonomy

1. E 3 -« snth:-opic epipedon
2. p; Exv-. To, ol - Spedie horizon

3. Finv/coorse clay ratio - 4rpillic hordizon
4, tineralogpy of clay - hrgillic horizon
5. lineralosy of finc s Soil families
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Table 2. Class 1I. Analyscs performed for specific objectives
or problems.

IIA. Physical and enginecring propertics

I3, 1.

5.

Infiltration rate
Permeabllity
Avuilable water
Bearing capacity

Other engincering sroperties

Salinity, alkalinity
pll fresk, dry or with oxidisers

To. .2 whstancas {(arsenic, Loron, nickel,
Chiromiwa, sulphides, Iron)

Furtility--related propoities emplouying different
kinds of extracus

L

IIC. ~Chendcal propertics on water at site or incoming water.

4,

Table 3, Class

Suspended solids

Dlssolved saltes (clectric SAR)

Toxic substances (E, lip. fi,, C1, SON. co.,;
o [ 3
HCO3)

pH

ITII. Analyscs performed foy genetic studies

1. Extraction of dissolutloa tochniques

2, liineraloglcal

3. Micromorphological

4, Zquillibration

The above are pefformud in addition to some or all of Class I

and II analyses.
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SOIL ANALYSES IN THE PHILIPP. WES

Soil testing started in this country in 1939, in the
Divigior. of Soil Survey and Coadervation, now thc Bureau of
Snils. The kind of anzlvses were concerned in the determination
of total nitrogen. rhosphorus and potassium. The data were mostly

used for soll survey und for soil fertlility assessment.

Rapid coll testing for goil fertility assessment was

initiated in 1947.

In 19€3-1900, the Soil Feriility Survey and Research
Project of FAO/UNL:-D.. introdvead sore zialytical changes but
mainly for the asscesmcut of zoil fortility. However, this was
followed by the scil curvey classification project of the FAQ/
UNDP--BS in 1909-1872, The malyticael sroceduras bepan to be
modified/intvoduced for survey aad classification purposes. Upon
the termination of the soll servey and ciassification project,
it was followed Ly the Seil awd Land Yigcources Appraisal and

Trafaing Projeet in 1974-1u76 ntilil uader thic FAQ/UNDP--BS.

The establishment of regloncl and provincial soil
laboratorics that stavted in 1344 concinued to 1978 that resulted

to 3¢ soil laboratories distributcd teveughout the country.

It vas in 1974-1¢7C that analytical proccdures as proscribed
in Soil Taxonomy were gracuvally intvoduced in this country. This
was the beainning of th. generation of soil date for taxonomic

clagsification in the Philippincs.

When the last FAO/WITDY proj:et -z completed in 1978, a more
or less completc sut of soil survey labaratory instruments were left

to continue the project.

With time, however, many of the treined personnel to handle
the instrumcats have cither retlred cr reeigned and .Ince then the

training of laboratory personncl wes oi. - stand-still. Personncl
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were only taught how to use the equipments by rarely how to maintain
them. Worst, many of the models arc phased out so that spare parts
are difficult to sccure. To continue the use of the equipment, one
or twvo of the same iustruments were dis-asscmbled and used as source
of spare parts tu woke the others waork. The process continued

until only very few are new left working.

Eswaran (1977) listed thz csewntial cquipment for a soil
survey laboratory inciudes (#) AA spzctrophotometaor. (b) spectro-
photometer (c) pll metar, (d) 5C meters. (e) balances. (f) hot
plate, (g) stirrcrs, (i) water-both,. (i) oveus, (3) furnaces,

(k) glasswares.

411 of these are provided in the ceatral soil laboratory
at Manlla including some optional aquirnent such as: flame
photometer, cuntrifuge and such exvensive instruments as the
X-ray diffractonater, DTA-LCH thermnanclyses. We alszo have
complete sets for the Feterndoation of particle aize distribution
by pipette and buoyoucous methods, =omnlate set for sggregate
stability dciermination, hydrwulic <o luctivity and even a
polarizing microscore., Nobody <iound av. familiar now in the

use of thesa sonhiszticated instrumonts.

CONSTRAINTS Ci! SOIL AMALYSES

L. Lack of qualilicd aboratory pevsonnel,

2. Phohibitive coat of chanicals.

3. 3an on purchase of nevw equipmait.

4. Phased-out models of instcumeats and lack of available spare

parts.

CONCLUSION

S0il anlyszs for soil survey oud classification has bzon
adequately started in this country fov sometime. lMost 1f not all
of the necessary analyticar Insirurents are available, However,

there have been limited sunport for the maintenance and the expertise

W4
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to handle the instruments have waned so that some of the more
expensive ones are still in good use but nobody to operate them.

There, is tharefore, a neeé to train laboratory personnel
not only or analytical procedures and tuchniques, but also

technilcians to operate and maintain the instrumenta.
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SOIL ANALYSIS FOR SOIL SURVEYS

HARY ESWARAN
Geological Institute, University of

Ghent, Krijgslzan 271, Ghent 9000,.-Belgium.
(Vigiting Professaor, Cornell University)

INTRODUCTION

Although a useful and necessary component of soil survey report
is profile description and soil analysis, many reports tend to omit this
information. In some cases no analyses were performed due to lack of
facilities or the analysis were not complete at time of publication of

the report.

As the soil report is the only means that the soil surveyor has
to communieate his findings to the users, it is necessary that he
defined his units in the most unambiguous terms. Soil analyses aid him
to dq this and the duality of the report is greatly enhanced if all
his mapping units are described in morphelagical, geographical, and

physico-chemical terms.

There are few guidelines to assist the scil surveyor in deciding
the number of ped-:s to be described and analyzed, the type of analysis
to be performed, and porhaps alse the use of this information in his
report. This contribution attempts to evaluate some of these questions

and provide some suggestions.

WHY SOIL ANALYSES

Snil analyses in soil survey reports are included to define in
numerical terms the physico-che.ical properties of the major soils of
the area. The morphological descriptions and physico-chemical
properties are considered to be representative samples of the area,
the measured propertiecs are extrapolatel bo generalize the behavior

or response of fe soil to soecific uses.

1/ .

~ Paper presented at the XIV International Forum on Soil Taxonomy and
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The several different uses of soil analyses are:

In Relzticn te the Soil Survey Reports

1, The characterize nuﬁerically the proper&ies of some or'
211 of the mapping units. If some data are available
at the commencement of the survey or during the early
part of the survey, they znable the surveyor to
calibrate himself, At the end of the survey they
enable him to estab’ish relationships between soil
properties and other morphological and landscape
paraneters.

2. To aid in the eorrect classification of the soil and
enable cchers to placethe soil in other taxonomies,

3. To serve as a basis for more dJetailed evaluaticn of the
soils: preliminary information on nutrient, physical,
or ather limitations needed for developing a capability

classification may be extrapolated {rom such analyses.

In Relction tn Develuping a Resource Inventory of the Region

er Country

1. For correlation purposes, it is necessary to build up
a soil data bank. Creating new series or grouping old
ones is then done on a rationale basis.

2. To use in other aveas wherc no data is available but
physiographic conditions indicate possibility of similar
snils,

3. To develop soil property interrelationships which enable
one to predict a property which is difficult or

incovenient to measure.

In Relation to Evaluating Limiting Properties

1. T determine levels of elements which may be toxic or
deficient or levels of soil conditions which may be

limitine to use of the snil,  As the surveyor is

W\
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frequently called upon to assess the potentials of the
soils, he needs these limits.
2. To delineate soils which require various levelis or

investment for their economic utilization,

To Relation to Their Genetic Properties

1. To aid in an understanding of their composition and
formation. These investigatinns are generally the most
comprehensive but in some cases tend to deal with the
unique or the chscure.

2. To evaluate the changes ipduced by management practices

and therchy determine optimal types of management.

TYPES OF ANALYSES
The objectives of the survey determine the types of analyses
to be performed, Soil malyses are srouped ip-to classes (Table 1)

to reflect thes2 objectives.

Class Ia analyses are those which are necessary to classify
the soil in most taxcnomies and fcrm the rminimum type of analyses that should
accompany profilé descrictions. In scme cases Ib or Ic analyses
are necessary but an estimate of some ~f the latter may be made from
Ia analyses. Every soil survey laboratory must be quipped to perform

most of all of Class I analyses.

Class II ave performed for special surveys. The number of
samples is vsually large mA samples may be token at specific depth
intervals in the scil.,  Auger samples 2re generally employed and

samples from unit areas mav e Lulked t> reduce sampling error.

Single property naps are based on such date.

Class II1 analyses fenerally do not appear in soil survey reports
of LDCs as these are considered "academic’ . These studies are useful

to develop concepts and build up elassification systems.

-—
—
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Table 1. Types of analyses in relation to objectives

CLASS I '

1]
]

CLASS II ! CLASS I1I

ANALYSES PERFORMED FOR SPECIFIC|

ANALYSES REQUIRED BY SOIL TAXONOMY !OBJECTIVES OR PROBLEMS. (GENE- i ANALYSES PERFORMED

'RALLY PERFORMED ON SITE, OR ON ,

FOR GENETIC STUDIEE

!UNDISTURBED SANPLES OR ON {
VAUGER SAMPLES.) |
a. Genera) analyses required on all de Pnysmca% andengineering
horizons on all profiles properties
1. Particle size distribution 1, Infiltration 1. Extraction or
2. Organic carbon, nitrogen 2, Permeability dissolution
3, Cation exchange capacity 3. Available water 2. Wineralogical
(NH OA,,pH 7) 4. Bearing capacity 3. Micromorphologi
4, Excﬁangeable bases: Ca, lg, 5. Other enginecring 4, Equilibration
Na, K : properties
5. pd in H,0 and 1N KC1 ()
6. IN KCL-Extractable Al
7, DaClp - tricthanolamine
(pH 8.2) H'
8. CBD-extractable Fey03
b. Analyses required on a few b. Chemical properties on (The above are per-
selected profiles to test soil formed in addition
specific requirements of Taxonomy to some or all of
ﬁﬂillﬁii EEEEEEEE_iE ;. Sil:nlti. 3lka11n1t¥th Class E agd II
Taxonomy where . phH ?cs , dry, or Wi analyses.
Toquired ox1§15crs
Leqlre— 3. Tozic substances
1. nulk density Andepts, ‘Htima’ (Avsenic, Boron, Nickel,
sub-ordars and Chromium, Sulphides,
GG Iron)
2, pH in IN HaF Andupts, 3podosols 4, Fertility-related
3, 15 bar H20 Inceptisols, Alfi- properties employing
sols o Ultisols different klids of
Oxisols extractants
y, CEC by IN Oxisols 5. Ch
1K, C1
5, COLE value Vartisols, Vertic
SG
6. Conductivity aridisols, some
families
7. CaC0g, CnE0, Aridisols, “ollisols
c. fnalyses required on a few selected c. Chemical properties on
horizons to test specific require- water at site or incoming
ments of Taxonomy water
1. P,0q Anthropic horizon 1. Suspended solids
2, Pyrcphasphate- 2., Dissolved salts
extractatle  Srodic horizon (electric, SAR)
Fe, {1 3. Toxic substan~~s
3, Finc/coarse firgillic horizen (Boron, Masmesium,

clay ratio
4, Mineralogy
d clay
5. Minerology
of fine sand

Argillic horizon

Soil families

Lithium, C17, SO37,
€0, ~, HCO™)

3
pH

\“{\ ‘
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NUMBER OF PROFILES OR HORIZONS TC BE ANALYZED

The number of profiles to be analyzed is a functinon of the scale
of the map and the objectives of the survey . Table 2 attempts to
determine the basis for selection of profiles for characterization and
the types of analyses to be performed. Profiles are selected to show

not only <he basic characteristfcs tut alse the range in properties.,

Most profiles are sampled to a depth of 2 m unless particuﬁar
s50il conditions or objectives require shallower or deeper samples.
The normal procadure & to sample morpho-genetic horizons and when a

horizon is thicker than 2% em, one sample is taken for each 25 cm.

CONSIDERATIONS ON COST OF SOIL ANALYSES

Many a soil surveyor hesitates to send in soil samples for
analysis due to the costs involved, particularly if done by a
commercial lab. This is a limiting factor with respect to the

number and types of analyscs,

Cost of soil analysis must be censidered in relation to:
1. coist of the whole soil survey, and

2. cost of develorment of the area

Cost of the soil survey is indicated en 2 ha basis and in many LDCs,
this does not cxceed 10 or 20 cents per ha {ror a map of 1:63,000).

No estimate of cost per had soil analysis is available but this is
not expected to be mora than 10% of the cost of the soil survey.
However, both the cots are a small fraction of the total developmental

costs of the arca.

For example, in Malaysia it ccsts about $500 per ha to bring
an area into rubber or oil-palm. The benefifs accrued due to the
reccmmendation of tha soil survey for outweigh the cost of soil
survey and soil analyses. Censequently, cost of soil analyses should
not limit the number or types of analyses within the limits suggested in

Table 2. Obviously a survey can use analytical data obtained in earlier '

work. »§D:
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QUALITY OF SOIL ANALYSES

Quality control is very important and there are several ways
to attain this:

1, Inter-laboratory cross-checks,

2, Sample duplication, and

3, Statistical approach.

1 and 2 are followed by some labs., Quality control deals with
not only the laboratory but alsc the surveyor. When the same soil
series is identified in different parts of the country, it is
necessary to verify the similarity of their physico-chemical properties.
The coefficient of variation (CV) is a2 good parameter to evaluate this.
The acceptable CV is determined to a large extent by the property in

question., Deckett et al. (1971) have provided some levels.

SOIL AMALYSES IN LDCs

Constraints to Good A~alyses in LDCs

Many soil data from LDCs tend to be less reliable for

several reasons:

1, Lack of qualified lab personnel. Training of lab
personnel in analytical wethods should be an equally
important contribution of aid programs. FAO personnel
in Thailand, faced with this problem, have organized
in-service training programs and provided a manual
which gives all details.

2. Equipment. Twc situntions generally prevail. If there
was a technical aid project, the labs are equipped well,
but as lab personnel are not trained to maintain equipment
and spare parts are difficult to get, the equipment is no
longer used after the depirture ~f the experts. In the
absence of a foreipn preject cither the labs are bare
or stocked with the mcst fancy equipment. llowever, a
survey by FAO of more than 225 labs in LDCs (Progan et al.,

1965) indicated that most of the labs were well equippged to

perform the general analyses required for soil surveys.
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Table 2. Selection of profile for analyses and types of andlyses to

perform,

KINDS OF iSCALB PUBL. } SELECTION OF PROFILES ' “TYPES OF
SOIL SURVEY} MAP } FOR AMALY"ZS ! ANALYSES
Class A €1:7,920 Minimum one per taxonomic unit plus All or part of

other samples to show limiting or Class I or II
specific characteristics
Class B 7,920 - Hinimum one per dominant soil series All or part

24,000 or egquivalent

Class C 24,000 - Dominant soil families or equivalent
62,500

Class D $2,500 - Dominant sub-groups or eguivalent
250,000

Class E 250,000 - Deminang great groups or equivalent
500,000

Class F %500,000 Deminant sofl orders or equivalent

of Class I or II

Class Ia with or
without others

Class Ia, Class
III with or
without others

Yo
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o IAREA ' NO. JAVE- |} ! " EXCHANGE  } ' ¢ 1 1 7
AREAS OF SURVEY AND REFERENCE 1" MAP ' of |PEDONS!'RAGE JTEXTURE ' pH ! proPERTIES  !B.S.! m*iket! v
V' scie 'SURXEY'ANALY-'SAMPLE 1 '3 '1.2'a1 1 Cc | M !B
_ _ ! 1(km?) ! SED +! PEDONIINT{USDAIH,0iKC1]OTHERICECICalligiNalKE | 1 4 v 1
Bangladesh (1) 126,000 3000 23(5) 4 X X ¥ X X X X X
Thailand (2) 100,0.0 4100 19(23) 5 X X X X X X X X X X X X
Halaysia - (3) 126,000 800 8(23) 5 X X X X X X X X X X
Philippines 4) 200,000 13430 0/36
Sierra Leone (s) 50,000 2590 14/16 3 X X X X X X X X X X
Lesothe (6) 250,000 3034k - (20) 3 X X X X X X 4 Z X X X A
Usutu Basin_ Swazilahd  (7) 50,000 916 % ? X X X X X ¥ X ¥ X ¥ X X
Songhor Area, Kenya (3) 50,000 526 (1) 7 X X X X X
Antsohihy Madaggscar (9) 20,000 10000 (30) 2 X X X ¥ X X X X X X

+Jumerals in brackets give the number of mapping units in legend.
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Types of Analyses

Table 1 lists most of the analyses employed and procedures
are given in the manual on laboratory techniques (Soil Conservation
Service, 1972). There is a trend in many countries to adopt most of
these methnds, perhaps becauss they have stood the test of time.
However, there are local mndificntons vhich onc has to be aware of.
The dangzer comes when the lab uses the name of an established
method but a totally different procedure. For example, free iron
is usually determined by the CBD mzthod. There are reports where
free iron is determined hy: (a) Ded procedure, (b) a 6 I HC1
extract, or (c¢) /macnuium oxaloate - oxalic acid extraction in the
dark, in the light, or with UY light. FEach of these methods gives
a different value. There is nerhaps o neced {or adopting conventions

regarding names »f methads,
s

An Assessment of Published Soil Survey Reports

In Tahkle 2. some information is viven on a few soil survey
repoots of LDCs (randemly picked out, one from each country). A
few have ~11 class Ia analyses: some include other data, and a few
have ncne. In scne, piefile deseriprtions are so vague that the
anaiytical data becrme less weaningful, In one, the profile that
was described is net the same 25 the one »nalvzed' In the same
report the mndel profile was sannled in another locality. In many
reports, the nrofil: desctiptidn and analytical data are addendums

to the report: refarence to thess are absent in the text,

The number ~f profiles analyzed bears no relationship to
fe mapping or taxonomic units, The number of horizons sampled is

clearly a function of the vraining of the surveyor.

CONCLUSION

Despite the importance of soil annlyses, in general the least
attention is directed to them. There is a lack of aporeciation of
soil analyses and many scil surveyors of LNCs do not scem to be informed

on the interpretaticn that could be made.
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It will be useful and perhaps a valuable contribution if aid

projects are directed to:

1. Training of laberatory personncl in analytical techniques,
2, Training of scil surveyors, uspecially coil survey

assistants, on soil analyses and interpretation of data.
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MODESTO R. RECEL
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Soil Rescarch Nivision
Burecau of Soils
Manila, Philippines

INTRODUCTION

. The Entiscls are mineral scils with an AC profile set-up.
Théy are e#tensive in the inter-tropical reglon and occupy about

20% of the earth's land area (Buol, ct al.. 1973). Thesc soils

show little or no evidence of devclopment of pedogenic horizons,
Horizons have not been formud becausa tdme has been too short.

Sone of these aolls arc steep and actively eroding, while others

arc on flood plains that frequently receidve new deposit of alluvium.
There are alsc gsome Entisols that are very old., the parcnt material
of which 1s meinly qunrtz or other recistant minerals that do not
alter tc form horizons. However, buriled horizons may be permitted
if they are 50 cm or more deep. They d2 not have the combination of

pergelic temperature regime gnd an guic or peraquic moilsture regime.

The Entisols in the Philippines are very recent river
terrace deposits. They arce the beach sand dunes and unweathered

or very slightly wecathered volcanic ash.

The mapped arcas arc La Paz, Legaepi, Guilado, Tamontaka,
Tarug, Tinrga, Titay, Villar, 2aragoza, Toran, Dadlangas, Gasan,
Buguey, Palupandan, Luilsita, ¥acolod, Fagullanes. Magcalum, Gan
Manuel, Sara, Silay, Sampangan, Sorsogon, Rugnan, Taal, Tupi,
Libertad, Guinaras, Guinaoang, Ilagen, Lamut, lartalonga, Mayoyao,
tangalisan, Pacte, Palitod, Paoay, Tescnanka, Poguis, Sebanga,

and San rabian series.

1/

Paper presented ot the XIV International Forum on Soil Taxonomy and
Agrotechnology Transier for the ASEAN regien, June 16~28, 1986, held
in the Philippines, %

57
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The succeeding material is adcpted from Soil Taxonomy,

pages 197-~209.

The Entisols are defined as mincral soils that meet

requirement 3 and either 1 or 2.

1.

They have sulfidic materials, within 50 cm of the
mineral soll surface, or above a layer that is frﬁéen
about two months after the summer solstice, or have an
n velue of more than 0.7 and more thaun 8% clay in all
subhorizens betwzen 20 and 50 cm below the mineral
surface ancd do not have a vermofrost.

They do not have a diagnostic horizon, unless it 1s

a buricd horizon other thcon an cchric epipedon and
antnropic cpipedon, a histic epipedon consisting of
organic materials, an albic horilzon, a spodic horizon
that has its upper boundery decper than 2 m, or the
amorphous naterial 1s not cdcminant in the exchange
complex; and may have any of the following subject

to the requircments stated:

* A salic horizon, except that, 1f the soll is saturated
with water within 1 @ <f the surface for one month
or more in some yecars and has not been irripgated, the
upper bonndary of tte salic horizon must be 75 cm or

more below the surface.

* If $:he soll is saturated with water within & m of
the surface for 1| month or more when not frozen in

any part, the sodium adscrptilon ratio (SAR) may excecd

137 (or sodium saturation, 15%) in more than half of the

upper 50 cm only if SAT ducreases or remains constant

with depth below 50 cnm.
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* A calcic or gypsic horizen or duripan i1f its upper
boundary is more than 1 n below the surface (thesa
presumed to be buried soil Lorizons or layers of

geologic origin).

* If the texture is loamy finc sand or coarser to a
depth of | n, plinthitc =ay be pfesent in the form
of discrete nodules or disconnected soft red mottles
if it constitutes less tuan half the volume in all

subhorizons.

* Burled dingnostic horizons wmey bé present if the
surface of the buried coil is at a depth between
30 and 50 ¢ end the thickness of the buried soil
is less than twice the thickniess of the overiying
deposits, or if the surface of the burded soll is

decper than 50 cm, or
¥ Ironestoune at any depth.

If the sodl temperaturc veriue 1s nesic, dsomesic, or
warmer and if there arce cracks in most years as wide as
1 em 2t 2 depth of 50 i when net irrigated, are
Entisols if after the upper soll to e depth of 18 em

1s mixed, have less than 30% or move clay in some
subhorizon within a depth of 50 ¢m or do not have zny

nf the followingr
* Gilgai,

% At any depth between 25 cm and 1 m, wedge-shaped
natural etructural agpregates that have their long

axes tilted 10° ~ 60° froi: the horlzontal; or

* At any depth between 25 cm aud 1 m, slickensides

close cnough to interscct,

A
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Different criteria are provided to separate the Entisols

from all other orders.

1. The Entisols are distinguished from Alfisols by the
absence of an argillic horilzen, unless it is a buricd
horizon in the former.

2. The LEntisols are distinguished from the Aridisols in

not having the following.

* A salic horizon if ity upper toundary is within 75 em
of the surface and the soil is saturated with water
within ! m of the surfacc for one month or more at

some time of the year;

% A celeic or petrocalcic hovizon, a gypsic or
petrogypsic liorizon or a duripan, 1f the upper
boundary of any of then is within ! m of the suriace,

unlese it 1s a buried horizcn; or

* A cambic, argillic, or nztric horizon, unlcss it is

a buriced horizon.

3. Entisols are distincuishad frou the Inceptisols by

the following:

* They have one of the following:
1. An n value of more than 0.7 and at least 8% clay
in all subhorizons betiieen a depth of 20 and 52 cm
below the mineral surface without permafrost; or
2. Sulfidic materials within a depth of 50 cn belcw the

mineral surfacec.

* They do not have any of the followiag.
1. A mollic, unbriec, or plaggen epipedon;
2. A histic epipedoa consigting of minerals rather

than organic soil materiale;

\{0
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3. A calcic or petrocalecic horizon or a duripan
if the upper boundary of any of them is within
1 m of the soil surface, unless it is a buricd
horizon;

Z; A cambic horizon;

5. A fragipan,

6. A sulfuric horizon that has its upper boundary
within 5C cm of tha wineral soil surface; or

7. ‘Sodiﬁm saturation that is more than 15% in more
than half of the uppor 59 cm, unless the sodium
safuration increcscs or remalns constant with
depth or unlese the soil is not saturated with
water within 1 m of the surface for as long as
! month at r season when the soil is not frozen

in any part.

Entisole cre distinpuished fvom Histosols by meeting

the definition for mineral soils.

To distinpuish Entisols frem Oxiscls, Entisols. must not
kave a mollic epipeden.’

To distinguieh Entisols frc.i Oxisols, Ehtiscls fiost not
have an oxic horizon and oust not have plinthite that -
forns a continusus phase within 30 cm of the surface of
the soii, if the soll is saturated with water at sometine
of the year within that dapth,

To distiapuish Entisols friu Spodoscls, Entisols must not
have «. apedic herizen that hae itg upper- becundary. within
2 n of the surface of the soil.

To distinguisih Entisols from Ultisols, Entisols must not
have an argillic horizon, unlees it is a buried soil
hcrizon,

To distinguish Entiscls frou Vertisols, Entisols must
have a frigld or colder temperature repgime, or must meet

one cr both of the following requirements:

LA
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* Must not have cracks that are as wide as 1 cm at

a dopth of 50 cm in most years: or

* Either:
1. After the surface soil to a depth of 18 cm is
mixed, have ¢ 30% clay in some subhorizons above
a depthc of 150 em; or
2. Do not have giluai. do not have a slickensides
close enough to intersect, and do not have
wedpge shaped peds ﬁhat have their long axes

tilted 10° - 6C° froum the horizontal,

THE SUBORDERS
The Entisols have five suborders. They ae the Aquents,

Arents, Psamments, Fluvents, and Orthonts.

The Aquents ag the taxon “Aqu' indicate, are the Entiscls
that have aquic or peraquic soil moisture regime. They are
continucusly saturated with water, such as those in tidal marshes,

in deltas or soils saturated at some time of the year.

The Arents are the Entisclsg that are deyrived of horizons
becausc they are deenly mixed by »icwving, spading or movement of
human activity. Unlike the othuer suborders, the Arents do not

have great groups and typic subgreoun,

The Psomments are the Entieols that have, at a certain depth,
35% by voluue of rock fragwents and have a loamy fine sand or
coarser in all subhorizons., They axe poorly graded (well sorted)
sands of shifting or atabilized sand dunes. When dry and bore,
they are subject to blowing and drifting and could hardly support

wheeled vehicles.

The Fluvents are the Entiscls that form in recent sediments
deposited by water that have organic carbon content that decreases

regularly with depth if the texture is homegenous. They can have

v
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any vegetation, aﬁy moisture regime, and they temperature repgime,
exécpt pergélic. ’They are the slluviel soils in the 1938

ciassification.

The Orthents are the Entiscls that do not have the
diagnostic propertice defining the other subnrde;a} They are

on racent erosional surfacas.

In the Philippines, most of the rccognized Entisols belong

to the suborder Psamments and Aquents

THE GREAT CROUPS

The 12 gruat groups of the ovder Entisols are summarized
in Table 1. The number of great groups varies from one suborder
to another while the numbers irn the Table indicate their

scquence 1n the key.

The general descriptinn of the great groups are as

follows:

The "Sulf® great sroup is only in the suborder Aquents,
They are recognized by the presence ~f sulfide materials within

50 cm of the mineral soil surface.

The “Hydr? areat group is only in the suborder “Aqu‘.
They have an n value of¥0.7 and have at least 8% clay in all
subhorizons between a certain depth, They must have a mean annual

soil temperature $0°C.

The "Cry" preat proups are in the suborder Aquent,
Pgamments, Fluvents, and Orthents. “hey are the cold wet soils
of high mountains or tundra without wermafrost or of cold coastal
marshes. They are generally fdentificd with a cryic soil
temperature regine. The perselic temnerature is not permitted

in the Aquents and Pluvents but allowed in the Psamments.

0
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The "Fluv® great group ias only in the suborder Aquents.
They are commonly identified with a soil temperature regime
warner than cryic, an n value of 0.7 or less, or have a clay

content arc also required to fimn up their identification.

Table 1. The great groups in Entisols
1 S UBC K DETRS

GREAT GROUP *"AQUENTS | ARENTS | PSAMMENLS] FLUVENTS ; ORTHENIS

;:BSulf 1

Hydr 2

Cry 3 1 1 1

Fluy 4

Trop 5 5 3 4

Psatm K]

Hapl 7

Torr 2 4 2

Quartz 3

ud 4 6 5

Xer 6 2 3

Ust 7 3 6

The "Pron" great groups are in the Aquents, Psamments, Fluvents and
Orthents. (The definition of the Tropaquents has not been tested
and is provisional). They arc conmonly identified with an iso
temperaturce regime. FThe Tropaquents, on the other hand, are the
permanently warm and wet soils in deprassons of intertropical regions,
while the ¥tTroponsaments have ulic soil m&isture repime (Zhis

classification is still nrovisional and incomplete).

The "Psamn’” great eroup is only in the suborder \quents.,
They are characterized with a sandy mixture and the water table
is at or near the surface for lonp neriods unless they are

artificially drained.

\N
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tThe "Torr" great groups are in the suborder Psamments,
Fluvents, and Orthents. Yhey have arid climates and are

identified with a torric soll moisture rcgime.

The "Ouartz" great group is in the suborder Psamments.
They are the frecely drained quartz sind of humid to seminrid
regions in mid or low latitudes. They nre identified with a
;and fracticn that is 95% or more quartz, zitcon. tourraline,

rutile, and other non-weatherable ninerals?

The "Ud” preat qroups arc i1 the suborders Psamments,
Fluvents, and Orthenta, Yhey are comronly identified with a
udic soil moisture regime and are usually found in humid reglons

in the middle latitudes.

The “Xer” great grours are in the suborders Psamments,
Fluvents, and Orthents. They are conmonly identified with a

xeric s0il molsturc regime.

The "Ust" great groups are in the suborders Psamments,
fluvents, and Orthents. They arc recognized by their ustic

soil roisture repime.

The mapped eEntisols in the Philippiins are placed in

the "Trop” and "Fluv" great groups.

THE SUBGROUPS

The subgroun name is formed by the great group name that
is modified by one or more adfectives. There are 29 subgroup
names prnvided in Entiscls, but no subgroups have been provided
for the great groups “Sulf™ and '“Cry”. Thelr classificatlon in
Soil Taxonomy is nrovisional . On the other hand, suborder Arents

have no great grouns, but two subprouns are provided.

Most of the recognized Entisols in the Philippines are
classified at the subgroup level ao 4quic and 2Tropic. Limit

between . Entisols and Oxisols.
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To.digt;nguish Entisols frgm Oxiéols, Entisols must no’
have an Oxic horizon and must not Have Piinthite that forme a
continucus phase within 30 cm.cf. the surface of the soil if
the soil is saturated with water at scme time of tha yecar within

that déﬁth.

Appendix A 1s the description and characterization of
the Bugko series in teh Philippincs which 1s classified as
an Entisol. The soil is found in Samar province. It is a
cogonal grassland with fev coconuts that is derived from marine

gsands.
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TreRn smIrat

The Bugko series is a member of the mixed (?), isohyperthermic
family of Aquic Tropopsammctns. They have a shallow sodMam but their
effective soil depth 1s deep. They arc modieratoly well drained.

These soils have (very) dark graylsh brosm. nrayish brown very dark
brewn and dark yellowish browm, friable tc very friable sandy  Joam,

and loamy sand A horizons no more than 3( 40 ca thick with brownish
mottles overlying C horizons composed of rradonin@ntly brﬂJnish {(brown,
yellowish browvn, dark yellowish browm snd brrynish yellow') very

friable to loose lnamy finc sand and fina sand,  Grayish mottles (gray,
light gray. grayish browm and brownish pin: ) as well as brownish mottles
(including atrony brown ) occur in the € harizens. The arayish mottles

become rmra prominant with denth,

Bu;cko snils occuny positions on nearly level to gently sloping

beach ridres’of constal plain londsecanes

Typifving: Tedon  Nurke - copon grassland with feu coconut trees

(colorg are for wrist soil unless otharvise noted)

HORIZON  DEPTH (CH) PESCRIPTION
Ap 0-20 Dark prayish brown (10YR 4/2) sandy loam: few

medium distinct clear yellowish brown (10YR 5/8)
mottles: fine granular structure; many fine and
medium roots: clear smooth boundary.

c 20-30 Yellowish brown (10YR 5/4), loamy find sand;
common medium prominent clear light gray to gray
(10YR 6/1)mottles; fine granular structure; very

few line roots; c.car smooth bnundary.

%Surveyad and classified by the Bureau of Soils in 1978,
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HORIZON DEPTH DESCRIPTION
C,y 30-150 Hlottled dark yellowish brown (10YR 3/4) and

light gray (10YR 6/1),1c2wy fine sand;

common iron-manganese concretions,

Type Location

The type location is not the site for the typifying pedon
described above. The type location is in Barrio Burko, Municipality
'londragon, Nérthern Samar Prpvince, and was identified in 1952-1953 during
the Reconﬁaissance Soil Survey of Samar Idland (Soil Report 42)., The
site for the typifying oscdon is in Barrio Junction Municipality
Laoansg, Northern Samar, dpproximately 50 m to the north of the
meeting noint of the road from Catarman to Laoang and the road to

Catubig,

Range in Characteristics

Solum thickness (that is In the cese of Bugko series, only the
thickness of the A horizon since there is no B horizon) ranges from
20-40 cm. However, effective soil depth is deep and the toils are
free from gravel., Their mineralogy is assumed to be mix¥~ . on the
basis that the soils probahly contain less than 90 percent by weight
of silica and other durable minerals that ar: resistant to weathering.
The soils often have a content of organic carbon that decreasecs
irrepularly with depth or that remains relatively high in the C horizons.
The soil temperature regime is isohyperthermic. Subsurface (C)
horizons are wet for short but sisnificant part of the year due to a
seasonal high standing groundwater table. The soil arc moist
throughout their profiles for most of the year. Topsoils can be at
or helow wilting point for very short pcriods under rainfed conditions.
The soils of Bugko secries normally are not flooded by runoff or river
water. Under exceptional conditions (typhoons) they can be partly

flooded for short durations

A horizons are very dark grayich brown, dark grayish brown, grayish

brown, very dark brown, dark beewn and dark yellowish brown sandy loam, r

\po
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loan and loamy sand few faint to distinct brownish mottles (mainly
brown and yellowiéh brotm). A horizons are normally 20-30 cm thick
but may be as thick as 40 cm. Consistence is friable to very
friable when moist, non-sticky to slishtly sticky and non-plqstic
to sliphtly plastic when wet an’ soft to loose when dry, Structure

is weak to moderate granular.

C horizons are mottled brownish and grayish. Brownish colors are
dominant, at least in the upper portion of the C horizon, but grayish
colors increase in prominence with depth. Erownish colors include
yellowish brown, dark yellowish brown, browmish yellow, strong brown,
Grayisch colors includn pray, light gray, prayish brown, light brownish
gray. Textures include loamy fine mnd and fine sand. Few to common
small soft and hard-} on-mananese concretions may occur particularly
in the lower C horizons. Consistence is very friable to loose when

moist, non-sticky and non-plastic when wet.

Similar Series and their Differentiae

Bupko soils are somewhat similar to soils of Mapsaysay series.
Thei> main difference is in the internal soil drainase. Bupgko soils
are noderately well drained and are clzssitied Aquic Tropopsamments
wherzas !lagsaysay soils are well to somevhat excessively drained and

dare classified Typic Tropopsamments.

A fairly large number of other soils having characteristics and
classification possibly similar to those of Bupko geries, and that
have been mapped in many parts of the country as yet are too loosely
and inadequately defined and described tor correlations with Bugko
series. These soils might include: Angeles (Pampanga), Bacante
(Central Luzon), Banga (Central Luzon), Barang (?) Bilad ("), Gasan
(Marinduque), Guimaras (Iloilo), Ivosin (Sorsogon), Kaunayan (Sulu),
Laput (Central Luzon), Laylay (llarinduque), Luisita (Tarlac),
Mapcalon (Antique), Matulas (Cotabato), Panfasinan (Pangasinan},
Patungan (Cavite), Pawing (Central Luzon), Pulupandan (Negros Dccidental),

Umingan (Pangasinan), and Villar (2ambales).
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Setting

Bugko soils occur on fairly well d&veloped beach ridges on
coastal plain landscapes. They are formed from marine sands. The
beach'fidges usually occur in positions more or less parallel to the
coast line. Slopes are commonly less than 2 percent but in places
slopes may be somewhat steeper up to 4 percent. The soil climaté is
characterized by a udic soil moisture regime and an isohypertherﬁic

soil temperature regime.

Principai Associated Soils

Bugko soils series is primarily associated with soils of the
Bugko, poorly drained, coarse loamy variant which necur is awales
between the beach ridges of the Bugko soils. In a wider context,
Bugko soil series is also associated with all other soils (and non-
soils) occurring on coastal plain landscapes. These include
Magsaysay series, Bongliw, moderately well drained variant and
Obando series on beach ridges and beach ridge remnants as well as
Bugko, poorly drained, Fine loawy variant. Bongliw series and
Bongliw somewhat poorly drained variant on former tidal flats. All
these soils have internal soil drainage ranging from well to
pomewhat excessively drained for Magsyasy soils to poorly drained for
soils of the Bugko variants. Bugko soils are also loosely associated
with the saline soils of active tidal flats and non-soil areas of

beaches and dunes.

Drainage and Permeability

Bugko soils are moderately well drained. Ground water tables
presumably fluctuate between 60 to 200 cm from the soil surface.
Permeability is estimated tc be rapid. Infiltration rates are thought

to be moderate to rapid.

Use and Vegetation

Bugko soils are mainly covered by crgon grass and related
vegetation., Thus, they provide rangeland for some rough grazing and

browsing. HMinor parts are planted with coconut trees and some upland

~0
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‘crops. There are also settlemints.

pistribution and Extent

. .Bugk> soils have been described to occur on major coastal plains

of North and East Samar. The series has a small extent (less than u40

sgm).

Serigs Established

The series was first described in the course of the reconnaissance
s0il survey of Samar province dufing 1952 and 1953 by A. Simon and
party. The series was redefined and its concept considerably narrowed®
during the detailed soil survey of areés in North and East Samar in 1977,
However, the status of the series is still tentative and more information

is needed for further precision of the serics concept.

| 'The Bugko soils have been classified Aquic Troppsamments on
the basis of their =andy particles size class which excludes the
recognition of a cambic horizon. Therefors, the horizons below the
A horizon have been designated as C horivn: although they show some
evideﬂce of alteration in the form of coiuv with stronger chroma and

presence of mottles.

According to fhe USDA 1938 soil classification, the Bugko

soil series would Find placement in the Regosols Great Group.

Following the UNLSCO/FAO Soil Map of the World Legend, Bugko

series pertain to Dystric Regosols.

#The original concept of Bugko series as described by A. Simon et al.,
in soil report#2 included the range of characteristics pertinent

to soils of Bugko series and Bugko, poorly drained, coarse loamy
variant.
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SOIL PROFILE CHEMICAL AND PHYSICAL ANALYSIS DATA

! AREA: CATUBIG, NORTH SAMAR
SOIL SERIES: Bugko ) LOCATION: Barris Junction

~V

FINAL MAP SHEET RO. . - . _AIRPJOTO/0BS. NO.: FL 34-2
‘ 1 - ' ' pH 1 ' ! TEXTRACTABLE | FREE
1aB, §o. | Horrzon ! DEPTH (em) ! LIME TEST T H,0 7 cacL, P oo.c. (3 ! oM. (%) | AVATLABLE P} K I Fe 0 (%)
4__! - '! T ;o1 v 1:2 ! | ! (ppm) '  (ppm) ' 23
' ¥ i 1
6262 By 0-20 5.1 4.7 1.3 2.3 6.4
6263 . c ©20-30 5.7 5.4 0.04 0.06 10.3
6264 c2 . 30-150 5.7 4,9 0,3 0.5 4.0
T T WILLIEQUIVALENTS PER 100 g SOIL i BASE i !
HORIZON | DEPTH (cM) T EXCHANGEABLE BACES I~ EXCH. T C.E.C. }SATURATION | Zn H ENCE.
M _ 1 Catvg vi, fa ¥ K T Su¥ 1 ACIDITY ' (sud) RS )) 1 (ppm) ' A1 (ppm)
Ap . 6-20 3.4 0.1 0.4 3.¢ 2. 17.0 23
c1 20-30 2,7 0.1 0.2 3.0 3.2 €.2 u8
c2 __30-150 2.1 0.1 0.2 3.0 3.9 6.9 43 -
T T PARTICLE SIZF DISTRIBUTION ] 1 SETTLING H CaCl, TELECTRICAL CONDUCTIVITY
HORIZOM ' DEPTH (CHM) 1 TOTAL SAND | SILT ! CLAY ! TEXTURE |  VOLUME ' i (mmho/e.)
1 ) (%) G ! Cass 1 (m1) G, i T PASIE
] .
Ap 0-20 €6 0 y 18 034
c1 20-30 5 0 5 S 0:1
0 6 S 0:1"

Cc2. 30-150 o4




INCEPTISOLSL/

MODESTO R, RECEL
Chief

Soil Research Division
Bureau of Soils
Manila, Philippines

INTRODUCTION:

Inceptisols occur in a wide range of latitudes having subhumid
to humid climates cn old, as well as on youuz surfaces where the
precipitation exceeds potential evapetranspiration every month., In
areas where evapotranspiration exceeds precipitation at some time of
the year, Inceptisols are restricted to rost-pleistocene surfaces.
Those on old surfaces develon uhere cold temperaturc slow down the
decomposition of minerals, *“tus iskibiting the rapid process of soil
development; while those on voung surfices. such 2s the recently
accumulateg alluvial deposits, form fast enough to develop clear

pedogenic horizons.

Some important featurcs of areas where Inceptisols occur
include a highly resistant parent material, abundance of volcanic
ash, steep lands and depressions, and young geoworphic surfaces where

soil development is limited (Buol, ot s1., 1973),

Inceptisols arve perwitted to have wany kinds of diagnostic
horizons but not an argillic, epodic, oxia, nypsic, petrogypsic,
salic, shallow plinthite, and natric horizons, They may have any
kind of epipedon although the mollic epipedon is rare. Commonly they
have an ochric epipedon over a cambie horizen with or without any
underiying fragipan, or an umbric cpipedon overlying a duripan or

fragipan. They are the only soils having a plaggen epipedon.

In the Philippines, the Incepticols are dominantly devoted to
agricultural production. It fact, mest ¢t the uctland rice areas belong
to this soil category. Thev arce mapped as Comansa, Calumpang, see

complete list in Appendix C.

1/
= Paper presented at thg YIV International Forum on Soil Taxonomy and

Agrotechnology Transfer for the ASE(N vepion, June 16-28, 1986 held
in the Philippines.

,\/;
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ATTRIBUTES OF THE ORDER

The unique properties of the Inceptisols are the altered
horizons that have no illuviual horizon, enriched either with silicate
that contain aluminum or with an amorphcus mixtures of aluminum and
organic carbon. The clay fraction has moderate to high cation
retention capacity. They contain an apnreciable amount of weatherable

minerals and have a soil texture finer than loamy sand.

The complete definition of the Yuceptisols may be found in
Soil Taxonomy (1975), pages 227-22@ and the :aucceeding discussions

is adepted from these pages.

LIMITS BETWEEN SOME OTHER QRDERS

Inceptisols are distinguished from Alfisols by the absence of
an argillic or natric horizon, unless it is a buried soil horizon, or
the absence of a fragipan that has 1 mm thick of clay skins in some

part.

They are distinguished from the Entisols in having an Exchange
Complex Dominated by Amorphous Materincls (:CDAl), or an n value of
0,7 or less, or less than 3% clay. They must not have any sulfidic
materials within 50 cm of the mineral svil surface and must have one

or more of the permissible diagnostic herizens.

SUBORDERS
The Inceptisols have six suberdsrs, although the Andepts are

proposed to be elevated to the order catepory as Andisols.

The Agquezpts are Inceptisols that arc identified with their
characteristic wetness: the Andepts for their low bulk densié;'or
their high contents of virtic volcanic ash, cinders or other
pyroclastic materials; the Plaggepts for iheir plaggen cpipedon:
the Trapdpts for their warnm humid temperature regime: and the
Ochrepts for their ochric epipedon »r ar umbric or =.llic epipedon

of less tha 25 cm thick and a mesic or warmer soil temperature regime.
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All others that do not meet the above characteristics are the
Umbrepts. The classification of the plaggepts, however, has not

been developed because they do not occur in the U.S.A.

The majority of the Inceptisols in the Philippines belong to

the suborder Aquepts and Tropepts.

THE GREAT GROUPS
The Inceptisols are provided with 18 great groups (Table 1).
Here, the numbers indicate the sequence of their placement in the

key to the great groups.

The "Frag" great zroups have a bhrittle pan in the subsurface
which are management limitations in the "Aqu", "Ochr", and "Umbr"

subgroups.,

The pan in the "Dur" great groups is usually massive and
interferes with ghe development of most roots and water movement
although it is relatively not strongly indurated as those in the

other orders.

Table 1. The Great Groups in Inceptisols

SUBORDERS
AU | AND  JPLAGG | TROP ! OCHR | UMBER

~

GREAT GROUPS

ofrebe =

Frag L 1
Dur Y
Cry 5 1
Ust 3
Xer

ﬂydr

Plac 2
Eutr
Dystr
Virt
Sulf
Hala
Plinth
And
Huma
Trop
Sombr 2

Hapl 10 4

,
w o

2

L2 0=
w

[ B0 B I Sy 2]
=

W23 LR
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The "Cry" great groups are in the suborders "Aqu", "And". "Ochr"
and "Umbr", They are the soils having cryic ov pergelic soll temperature

regime

The "Ust" great groups are in the suborders "Prop" and "Ochr".
They are recognized by their ustic moisture regime and a base saturation

of 50% or more at certain depths.

The "Xer" great groups are in the "ochr", and in the 'Umbr"

suborders. They are identified with a xeric soil moisture regime.

The "Hydr" great groups are only in the suborder "And". They
are associated with a very high, well-distributed rainfall, and a

perudic soil moisture regime.

The "Plac" great groups are only in the suborders "Aqu" and
"And", They are identified with a placic horizon which is normally
located within 25-50 cm of the mineral soil surface. They are
associated with very humid climates and evenly distributed rainfall

throughout the year or with no dry season.

The "Eutr" great groups are in the suborders “"And", "Trop",
and "Ochr". They have a base saturation?y 50% in some or in all
subhorizons. The Eutrochrepts, however, must have 2 60% base saturation

hecause their pavent material is usually calcareous.

The "Dyster" great groups are in the same suborders as those
in the "Eutr" great groups. They arc idontified with a base saturation

¢50% or <60% in the case of the "Ochr" suborders.

The "Vitr" great groups are cnly in the suborder "And". They
are associated with areas with a 1>-bar water retention €20% in the

fine earth fraction of the whole soil at certain days.

The "Sulf" sreat groups ars only in the "Aqu" great groups.

They are the acid sulfate soils which are usuallv found in drained

“%
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coastal marshes near the mouths of rivers that aro almost free of

carbonates, Their classification has not been fully developed,

The "Hala" great group is only in the "Aqu" subordsr. This
consists of soils with a shallow ground water wherein capillary rise
and evapotranspiration result in the deposits of sédium or other
salts in the surface. They are the sodic or saline soils that are
identified with) 13 sodium adsorption ratio (SAR) or sodium saturated

of 3 15%.

The "Plinth" great group is only in the "Aqu" suborder., It
is identified with a plinthite that forms a continuous phase or
constitute more than half the matrix within some subhorizon at 30 cm-

125 cm of the soil surface,

The "And" great group is only in the "Aqu" suborder. It has
an SAR <13 or < 15% sodium saturatien with a bulk density of €0.85 g/cm3
(at 1/3-bar water retention) of the fine earth ‘raction and an

exchange complex dominated by amorphous rateri: ls.

The "Hum" great groups are in the suborders "Aqu' and "Trop".
They have an umbric, a mollic, or a histic epipedon in the "Aqu"
suborder or a base saturation 50% but have 312 kg organic carbon in

the "Trop" suborder,

The "Trop" preat group is only in the suborder "Aqu". It has
an isomesic or warmer iso temperature regime but the soil temperature

regime is not a censtraint to soil use.

The "Sombr" preat group is only in the suborder "Trop"., It
is recognized by the presence of a sombric horizon. The classification

of the soil has not been fully develosed.

The "Hap," great groups are in the suborder "Aqu" and "imbr",
They are the soils that do not hiave the diagnostic properties of the

other great groups.
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Most of the upland Inceptisols in the Philiopines are placed

in the "Eutr" and "Dystr" great groups.

THE SUBGROUPS

Followinyz the great group in the key is the subgroup category.
Here, the subgroup name consists of the goeat group name that is
modified by one or more adjectives which indicate that they are

integrades or extragrades,

The intergrades have properties of their great groups
including some properties of another taxunm, while the extragrades

indicates the nature o! the aberrant properties.

The number of subgroups of the order Incepvisols is too many
to permit a detailed discussion of cach, There are 40 subgroups,

excluding those having multiple subproup names.

The wetland ricc areas in the Philippines are either placed

in the fquic or Aeric subgroups.

Appendix A is the Olando series of the Philippines which
is placed in Soil Taxonomy s coarse loamy over sandy, mixed,
isohyperthermic Typic Eutropepts. It is a wetland so0il devoted
to paddy rice. The range in characteristies, similar soils and
their differentiac, associated soils, setting, etc. are described

and characterizad by the Bureau of Soils (1977).
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OBANDD SERILS

The Obando series is a tentative member of the coarse loamy
over sandy, mixed, ischyperthermic family of Typic Eutropepts. They
are deep and well to moderately well drained. These sonils have dark
vellowish brown, dark brown, brown, yellowish brown, dark grayish
brown znd grayish brown, friable loam, fine sandy loam, silt loam and
sandy clay loam A horizons no more than 30 cm thick with distinct
yellowish brown and strong brown mottles, cverlying B horizons that
are composed of brown, dark brown, veilowish brown, dark yellowish
brown fine sandy loam over nany fine sand and fine sand with, cr
without, few faint browunich rottles, C horizems below 50-120 cm from
the soil surface are mainly Jdark grayis“ broun, grayish brown, dark
gray, gray and olive gray faintly to distinctly mottled loamy fine
sand and fine sand deposits that may incilude sandy loam and silt loam

layers. C horizons iray include marine shell fregments,

Obandc series soils are formed oa nearly level, weakly developed

beach ridges and beach ridge remnants on coastal plain landscapes.,

Typifying Pedon Oband» loam - naddv rice field (colors are for

noist soil),

HORIZONS DEPTH (CM) DESCRIPTION
Ap 0-18 Greyish brown (10YE 5/2) loam; common fine

distinet clear strong brown mottles;
moderately strons nedium parting to fine
angular blocky structure: friable when
moist: nonsticky and non-plastic when wet;
few fine continucus vertical and nblique tubular
simple and open pores: many fine roots; clear
smooth boundsvy: pH 5.4,

B 18-40 Yellowish brown {19Yi §/6) % very fine sandy
lnam* Few Fine fain* 3iffuse brown to dark
brewn rttles moderately strong medium angular

4
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DEPTH (CM)

49-85

85-108

108-150

150-260

Inceptisols....B
DESCRIPTION
parting to fine subangular blocky; friable
when moist; continuous vertical and oblique
exped tubular open pores; few small soft
black manganese concretions; few fine roots;

diffuse smooth boundary:; pH 6.8.

Brown to dark brawn (10YR 4/3) very fine
faint diffuse dark yellowish brown mottles;
weak medium subangulor blocky structure;
friable when moist; non-sticky and non-
plastic when wet; commen fine continuous
vertical and oblique exped tubular simple
open pores: very few small gravels; few

fine roots; abrupt smooth boundary; pH 7.0.

Dark grayish breuwn (10YR 4/2) loamy very
fine sand; few fine faint diffuse brown
to dark brown motiles; very friable when
moist: non-sticky and non-plastic when
wety very Tewr Fine continuous random exped
tubular pores; few (15 percent by volume)
small white marine shells; few fine roots:

clear smooth boundary, pH 7.2.

Dark gray (N 4/1) loamy fine sand; few fine
distinet clear olive brown and grayish brown
mottles: friable vhen moist; non-sticky and
non-piastic when wet; fine continuous random
exped tubular simple open pores; many (50~
65 percent by volume) small white marine

shells: few finc roots; pH 7.8,

Vory dark pray (i u/ ) wet fine sand; few fine

distinct clear olive brown mottles: non-sticky

small white marine shells; pH 8.2.

and non-plastic; many (50-65 percent by volume)

QU
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Type Location

The type location is nnt the site for the typifying pedon
described above. The type location is in the coastal strip between
Obando and Polo in Bulacan Province. The site for the typifying pedon,
however,, is very closc and is located in Balancas, Valenzuela,

Bulacan province; ccordipates 14° 42' 49" N and 120° 56' 19" E,

Range in Characteristics

Solum thickness (that is the combined thickness of A and B
horizons) ranges from 50-120 cm, Cffective soil depth is deep and
the soils are virtually freec from gravel ani stones, although a few
gravels may occur in the lower B and © horizons. Their mineralogy
is assumed to be mixed in the determinant size fraction (0.02 - 2 mm_
since this fractica seems to contain less thsn 90 percent by weight
of silica minerals and other extremely durable minerals that are
resistant tn weathering. The seil temperature regime is |- hyperthermic.
Soils are moist for the greater part of the year with short to very
short periods when topsoils cau Sz at or below wilting point dependen~
on the local climatic regimo, They are level position and runoff from
adjacent higher and more sloping areas, In places, water is artificially

impounded on the soil surface for rainfed {paddy) rice cultivation,

A horizons are dark yellowish, dark brown, and brown when
cultivated to upland and/or tree crops bVt matrix colors are dark
grayish brown and grayish brown when cultivation to rice under
submerged conditions. A horizons have common and distinct yellowish
brown and strons brown mottles. Textures may range from loam to sandy
loam, sandy clay loam ind silt loam, & horizons are between 20 and
30 cm thick. Consistence is friable whon moist and non-sticky to
slightly sticky and non-plastic te slightly plastic when wet. Structure

is moderate to strong hlocky.

B horizens are brown, dark hrown, yellewish brown and dark

yellowish brown with or without, fairt diffuse brownish inottles,

0
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Textures in the upper B horizon ave ccarse loamy (fFine sandy loam) and
change to sandy (loamy fine sand and fine sand) in the lower B horizon.
Structure is moderate to strong blocky i the lower B horizon.
Consequently, the B horizon incl:des a cambic horizon which, however,
is restricted to the coarse loamy upper part of the B horizon that

had well developed blocky structure. Organic carbon contents regularly
decreage with depth and reaches a level belcw 0.2 percent in the

lower B horizon. Moist consistence is non-sticky and non-plastic.

Few small soft and slightly hard black mangancse concretions may

oceur, Likeéwise, few to very few gravels nay be present in the lower

B horizon.

C horizons below 50-120 cm £pem the soil surface are dark
grayish brown, grayish brown, dark gray, arey, olive gray and cven
very dark sandy deposits (leany fine sand and Fine sand) that may
inelude also more loamy layers of fine sandy loam and silt loam.
Few, faint to distinet, d4iffuse to clear, Lrownish mottles may be
present., Usually, there are comnon te wany (nore than 15 percent
by volume) marine shell fragments that increnze in abundance with depth*,
Consistence is loose to very friable when moist and non-sticky, non-

plastic when wet.

gimilar Soils and their Differentiac

Bongliw, moderately well “rained variant soils are somewhat
similar to Obando scile in that thoy are also clagsified Eutropepts
at the great group level of classificatien and in that they also
occur on beach ridge remnants on coastal plain landscapes. Songliv,
moderately well drained varit soils are lifferent in their internal
soil dralnage class (moderately well drained), their irregular organic
carbon content, and their particle size cl1ss (fine). ilence, they,
are classified, fine T1 vaquentic Lutroosbls.
In the Samar and Bukiinen rrovinces and in the Penaranda River Basin

area, a number of ather srils have bo=n identificd and mapred that

—————

*The presence oF marins shell fragmients is net diagno tic for the series
sinco they cmmmonly occur below the -~ntrol section ?25—100 em from the

soil surface) of the Obande coils.

sl
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that are also classified Eutropepts at the great group level of
classification, These sojls have been commonly formed on alluvial
plain landscapes. They are Catubig series (Fine Fluvaquentic
Eutropepts) on leavees on Samar Island; Agustin series (fine loamy over
sandy Fluventic Eutropepts), Penaranda series (fine loamy over sandy-
skeletal Fluventic Eutropepts on flocd plains in Bukidnon province

and the Penaranda river basin area; Nabago series (fine Fluvaquentic

Eutropepts) on the alluvial terraces in Bukidnon province.

Apart from the above soil series and variant there are other
soils that have been mnphcd during surveys in the past in various parts
of the country that couid have characteristics similar to soils of
the Eutropepts great group. These snils, however, have been
described insufficiently detailed to enable proper identification,
classification and correlation, and therefore, their status remains
uncertain. They include the following soils (with their province or
area of origin between parenthesis): Bauyan (New Lanao del Nortel,
Dagani (Cotabatn), Drnsol (Sersoron), ¥analangan (Penaranda River
Basin Area), Indan (Comarines Norte), Fakatck (Oriental Mindoro),

ganta Rita (Iloile), Siaton {(Megrns Oriental), and Zaragoza

(Penaranda).

obando scils have heen defined to cccupy positions on nearly
level (0-2 percent slopes), weakly developed beach ridges and beach
ridge rcmnants on ceastal plan landscapas. Thoy consist of
Fluvimmarine deposits that are sandy or coarse lcamy in composition.
Soil climate is characterized by a 41i~ go0il moisture repime and an

isohyperthermic soil temperature Pagine.

Principal Associated Soils

In Bulacan province where Obandn soile were first described
and ntapped, they are acsociated with Mlatimbe" solils. In the report

on tha "Semi-detailed Gnil Survey nf Pampanga Delta Development



Inceptisols.ev.12

Project" by Alfonso E. Crucena prepared in 1975 the Matimbo" soils

are characterized as somewhat poorly drained and fine clayey.

In Eastern Samar prevince where Obandn soils are recognized
during the detailed survey of the coastal and alluvial plains around
Dolores, Ca-Avid and Oras, they are associated with other soils on
the coastal plain landscapes, i.e., soils of Bugko series, Bugko
poorly drained, fine loamy variant, Bongliw somewhat poorly drained

variant.

Drainage and Permeability

The Obando soils are well to moderately well drained. The
hydraulic conductivity is moderately rapid to rapid and basic
infiltration rates are estimated to be slow to moderate under wetland
rice conditions and moderates to rapid under unland/tree cropping
conditions. Theee soils are subject to fairly frequent shallow

flooding of short durations by rain and runoff water.

Use and Vegetation

In Bulacan province, Obando seils are commonly planted to
paddy rice during wet seascns. Parts are grown to vegetables
(tomatoes, eggplants, string beanc. MUNgo, squash and other leafy

vegetables) during dry season with irrigation water.

Tn Eastern Samar, main forms of land use are rainfed rice
cultivation following the ''payatac system" and coconut production.
The payatac system of rice cultivation is characterized by a siuple
form of land preparation (carabao feet teampling) and the absence
of water and weed control through bunding and impounding of water
on the soil surface. Rice yields under the payatac system are low,
During fallow periods "payatac” ficlds ave used as rough carabao

pasture.
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Distribution and Extent

Obando scils have been reported to occur in Bulacan province,
Luzon and Fastern Samar provin:a, Eastern Visayas. Their total

extent is still small and is estimated to be far less than 40 sqm.

Series Established

The series was first described during the reconnaissance
"gsil Survey of Bulacan Province" carried on by M.4. Alicante et al.,
in 1939 (Sojl Report No. Z, Bureau of Snils). Later, in 1975, the
soils were described in much more detnil during the course of the
"Gami~-detaile] Soil Survey of Pampanga Delta Development Project"
by A.E. Couzena et al.. The soils were again reported in 1977 during
the field work of the detailed survey on the coastal and alluvial
plains of Dolores, Can-Avid and Cras, Bastern Samar, The status of
the ceries is still tentativs since much more information (detailed
profile description and analysis) is needad to further specify the range
of characteristics, to chack on the classification and the extent of

the series.

Remarks
Much more information js needzd to test the tentative

classification of Ohando socils.

According to the USDA 1938 Soil Classification System the
Obando series woul? probablv be placed in the Gray Brown Podzolic

soils great group.

Following the UNESCO/FAO Soil Map of the World Legend, Obando

soils pertain to Eutric Cambisols.

Mailag series in Appendix B represents the heric Tropaquepts
in the Philippines. It was describec and characterized by the Bureau

of Soils in 1877.
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PROFILE CHEMICAL AND PHYSICAL ANALYSIS DATA

AREA : PAMPANGA, DLLTA
SOIL SERIES: Obande LOCATION: Balancas, Valenzuela,
FINAL MAP SHEET NO.: Bulacan Province
AIRPHOTO/0BS. NO.:

LABORA- [HORI- ' DEPTH ! LIME ) pH T0.C, '0.M., [TAVAIL~- YEXTRAC- ' FREE
ToRY {zon } (ow) | test Yo tcecr, (9l bamie irame ] re,0,
NO, ! ! M 151 11:2 1 ! F(ppm) !K (ppm) | (%)

1)

CP67 Ap 0-18 5.6 4,3  0.52  0.89 Trace 104 1.4
68 B, 18-40 7.4 5.6 0.4 0,24 3 200 1.9
69 By 40-85 7.8 6.2 0.05 0,09 Trace 135 0.8
70 Cq 85-108 7.9 6.1 0.08 0.14 3 u2y 0.3
71 Cpg  108-150 8.4 7.0 0,06  0.06 4 1200 0.2
72 C3p  150-260 8.7 6,9 0.08 0.14 € 768 0.4

1 i MILLTEQUIVALENTS PLR 100 g SOIL § BAS. ~ 7 !

HORIZON ! DEPTH ™ " EXCHANGEABLE BASES JEXCH. T C.E.C. 'SATURA-! 2n ! EXCH.

! (cH) ! ! i ! TACIDI- (SUI) | TION { (ppm) 1AL
! iCatMg '/ Na ' K L 1) i (ppm)
1
Ap 0-18 8.6 0.2 0.0 8.8 3.0 12,2 72
B, 18-40  13.8 0.3 0.1 14,2 1.4 15.6 92
B3 40-85  19.0 0.6 0.1 19.7 1.0 20,7 85
Cq 85-108  11.1 1,0 0.1 12.7 1.9 14,1 87
Dyg  108-150 14,6 1.1 0.2 15,9 Trace  15.9 99
Cag 150-260 13,5 1.3 0.5 15,3 Trace  15.3 99
! "PARTICLE SI1ZE DISRIBUTION TSLTTLING! " ELECTRICAL
HORIZON | NEPTH | TOTAL | SILT | CLAY  {TFMTURE |VOLUME fCaCO3 ! CONDUCTIVITY
! (em) iDSAND ' (%) 1 (%) ! CLASS 'A% ! _(mmho/cm)
i ! M ] ' ! ] "T1:1 ' PASIE
Ap 0-18 60,0 20.4 10.6  SL/SUL 0.6
B, 18-40 70.6 12.6 16.8 sL 1.0
B, 40-85 85.7 5.7 8.6 s 1.8
cy 85-108 92,2 1.0 6.8 s 1.7
Cp;  108-150 92,6 0.6 6.8 s 1.8
Ciqq 150260 34,6 59.6 ALA 5i1 1.5
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APPENDIX B

MAILAG SERIES

The Mailag series is a member of the fine, mited, non-acid,
isohyperthermic family of Aeric Tropaquepts. They are deep and
somewhat poorly drained. The scils have (very) dark gray and (very)
dark grayish brown, friable to firm silty clay loam, cl® loam or
clay A horizons no more than 50 cm. thick that have yellowish brown and
strong brown mottles and variable quantities ot iron-manganese concretions,
overlying cambic B horizens composed of gray and brown mottles, friable
to firm clay loam, silty clay and clay also containing variable
quantities of iron-mzanganese concretions as well as sirall rock fragments.
C horizons below 100-150 em have colors and toxtures similar to those
of the cambic B horizons but have nc or very weakly develeped structure,
Mailag soils are formed on nearly level to gentley sleping alluvial
terraces and £ins of voung voleanic origin that occur at the base of

the young volcanic landscape.

Typifying Pedon Mailas siltv olay loam - paddy rice (color are

for moist soil unless otherwise noted),

HORIZON DEPTH (CM) ngCRIPTION
Ap 0n-17 Yery dark grayishb rown (10YR 3/2) silty clay

loam® few fine faint brown to dark brown (7.5
YR 4/2) mottles; non-sticky, non-plastic when
wet; fou borizontal root channels: many fine to

medium rootc: clear smeoth Loundary.

Azen 17-26 park ;frayish broun “U0VR #/2), grovelly clay
1oam- four fine it dit{use streap brown
(7.5YR 9/6) st ties . paderata {ine and medjum
anpular and sulomooabar Slocky structare;

slichtly tirn when nmoist. atightly sticky and

slichtly tlantic when vets few fine and medlum



HORIZON

DEPTH (cH)

B1gcn

B2g

Bag

26-41

41-69

$9-110

Type location

Tho type licatlon fs the site vor the cypifying pedon an describad

abova,
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DESCRIPTION
tubular pores; gravel consisting of many (40% by
volume) fine soft and hard spherical and
irregular black Mn concretions; very few Fine
roote.
Hottled gray (10YR 5/1) an! yellowish brown
(10YR 5/u4), gravelly clay loamy moderate
medium and coarse angular and subangular blocky
structure; slightly firm wher moist; slightly
sticky and slightly plastic when wet; gravel
consisting of many (30% by volume) fine soft
and hard coherical and irregular black Mn concre-

tions and few fine rock fragments; no pores,

Light gray to gray (10YR G6/1), silty clay loam;
few fine distinct clear strong brown (7.5YR

5/8) mottles; moderate fine and medium prismatic
and angular blocky structure; slightly firm when
moist: slightly sticky and slightly plastic when
wet; few finc soft and hard spherical black Mn

and brown Fe concretions,

Light gray (10YR 7/1) wet, silty clay loam;

common fine to medium prominent clear yellowish
brewn (10YR 5/6) mottlcs; moderately strong,

nedium to coarse colwnnar parting to subangular
slightly sticky and slightly plastic when wet:

few [ine and medium tubular pores: few soft hlack
Hn concretions: common hard voleanic rock fragments;

bolow 110 cm hard socy fragments.,

It {n approximately 1,000 m wast of the chureh of Rarrio Mailag,

Valenela, Nukidnon, Mindanao,


http:in'J.111.1n
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Range in Characteristics

Solum thickness (that is the combined thickness of the A and B
horizons) ranges from 100-150 cm. The soils are deep but contain
variable quantities cf gravel which usually mitke up less than 35%
by volume of the soil mass but that may be more than 35% by volume in
minor parts of the solum. Gravel consists of fine (2-5 mn diameter),
soft and hard black Mn concretions and some brown Fe concretions as well
as some fine rock fragments. In places, surface stones and boulders
may occur but they occupy less than 2-3% of the surface. In the
absence of clay mineralogy data, their mineralogy is described to be
mixed (?) on the basis -7 7:C figures (CEC by sum 30-50 meq/100 g).

The soil temperature regime is ischynerthermic, Soils are moist
(or wet) for the greater part of the year with short to very short periods
when bare topsoils can be at or below wilting voint. They are liable

to slight flooding caused by over-flow of creeks.

A horizons are very dark gray, dark gray, very dark grayish
brown and dark grayish brown with cccassional dark reddish gray colors.
Paxtures include non-gravelly or slightlv gr=velly and gravelly clay
loam, sandy clay loam, sandy clay, ¢lay nnd silty clay loam. The A
horizons ape 20-50 cm thick. Consistence .is frizble to firm vhen
moist and slightly sticky, slightly piastic when wet, Structure is

massive to weak blocky.

Cambic B horizons exten! down to 100-150 cm fronm thu soil
surface and are mottled gray ind hrown clay loam, silty clay loam,
clay and silty clay with few to many gravels In scme subhorizons of
the cambic D horizons grayish colors may rredoriinate; in other
subhorizons the brownish colors may be Jominant The prayish color:
may include dark gray, gray, light pray, rark arayish brown and light
brownisch gray. Drounish crisrs are dark vellowish brown, yellowish
brown, dark brown, brown and steary “eown.,  There is no or only slight

evidence of clay translocaticn inte the B horizons. Stvucture is moderate
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prismatic parting to blocky. Consistence is slightly firm to firm
when moist and slightly sticky or sticky, slightly plastic or plastic

when wet.

C horizons have colors, textures and consistence that are
similar to those of the B horizons. Colors may include reddish gray
and textures may also be sandy clay loam or sandy clay. Structure
is weak to absent with depth and b horizens change gradvally to

C horizmns.

Similar Series and their Differentiae

llailag series is simileér tec Yoramag series which cccurs in the
same setting on alluvial terraces and fans of young volcanic origin.
Maramag soils are more acid and have lower pH values throughout their
profiles. This is expressed in the classification of Mallag and

Maramag series.

- Mailag series: non-acid class at the family level of
Aeric Tropaquepts.
- Maramag series: acid class at the family level of Aeric

Tropagquepts.

IN additicn, Maramaz soils do not centain gravel of Mn-Te

concretions and rock fragments.

Mailag series arm also similar t. other somewhat poorly drained
alluvial soils that, however, nccur in Jifferent settings. Cagugubngan
series occurs on alluvial flats offleodplains on Samar Island and is
also non-acid. Tapulod andRamns series make up part of the alluvial
river landscape which is senctically Jdifferent from the alluvial
landscape thit iz associated with Cagusubngan series. Tagulod and
Ramos series occupy positicns on lew terraces above river floodplains.
Both scries are classified Aeric Tropaquepts, Tagulod series has fine
and Ramos coarse lnamy particle size ciacs. Bengliw, somewhat poorly
drained variant (that has buen proposed as Laoang saories) on Samar

T\
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Island occurs on former tidal flats of coastal plain landscapes.
Several other series in the country are classified Typic Tropaqueptec.
These poorly drained soils occur on floodplains (Sadugsuron series),

terraces (Lazligan, Maapag scries) and coastal plains (Bongliw series).

Numerous other soils having characteristics presumably similar
to those of Mailag series that have been mapped in many parts of the
country, as yet, are too loosely and inadequately defined and
described for correlation with Mailag series. Such soils are listed
in the description of Maramag serjes and therefore, reference is made

to that description.

Setting

Mailag soils occur on nearly level to gently sloping {0-5%)
alluvinl terraces and fans of young volcaniz origin that occupy
positions at the base of the'frauny volcanic landscape" in Bukidnon
province. Their parent materials are derived from the basic
volcanic rocks (mainly hasaltic) that compose the "young volecanic
iandscape'. Soil climate is characterized by an aquic soil moisture
regime and an isohyperthermic soil temperiture regime. Surface stenes
and boulders may oécur locally but they nccupy less than 2-3% of the

surface. Mailag soils are susceptible te slipht or moderate erosion.

Princinal Associated Soils

Mailag soils are directly associated with Maramag and Bancud soils
on the same terraczes and fans of yding voleanic origin that form the
setting fr Mailajy soils  Maramag soils difier in that they are more
acid (acid class at family level) and that they do not contain gravel
of Fe-Mn concretions am rock fragments. Baneud 50ils occupy positions

on levees on the terraces and fans and are clissified Typic Dystropapts.

In a wider setting, Mailag soila are assoclated with Adtuyon
soils to the 'young voleanic landseane”.  Jdtuyon soils are classified

Oxle Dystropepts.
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Drainage and Permeability

The Mailag scils are somewhat poorly drained. Groundwater
tables of seepage water fluctuate between 50 to 200 cm from the soil
surface, Permeability is estimated moderate to molcratsly rapid.
The basic infiltration rates are very slow to slow under wetland
rice conditions md moderately rapid to rapid under upland crops.
Surface runoff is very slow to moderate dependent on slope and land
use. The soils are subject to slight flooding by creek overflow,

When grown to wetland rice surface water is impounded.

Use and Vegetation

Main land uses are cultivation of paddy rice and corn. Usually
iwo crops can be grown per year. Sunface stones and boulders occur
locally and then may hamper mechanical tillage. Susceptibility to

slight or moderate erosicn prescnts another hazard to cultivation.

Distribution and Extent

Mailag series has been described to occur in the Pulangi basin

of Bukidnon province., Their extent is small and is less than 40 sqm,

Series Established

The series are propcsed and descriped in a general Form during
the snil survey of Bukidnon province, bPhilipj:ines (Soil Report 21},
pp 25-26 by J.A, Mariano and party in 1955. The soil was described
apain with mere precision during the "Semi-detailed Soil Survey and
Land Classification of the Pulangi Irrigation Project. Valencia
Maramar and Quezon, Bukidnon'" by C.B, Alcalde and C.Q. Tinggon in
1974, pp. 30-32, Tts current concent was further refined and
established during the "Detailed Survev of the Pulangi 3 Project Area,
Valencia, Bukidnon" during 1976 by Burecm nf 56ils and UNDDP/FAO.
This soil series descripticn is the first comprehensive and detajled
description of the series, However, its status remains tentative

until more data are gathered,

'l
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Remarks
According to the USDA 1930 soil classification system the Mailag

series would be placed in the low Humic Clay Soils great group.

Following the UNESCO/FAO Soil Map of the World Legend, Mailag

soils pertain to Dystric Gleysols.

The term "young volcanic" as used in this series description is
essentially a physiographic term, It is used in Bukidnon province to
distinguish the "Young Volcanic Landscape" and its parent material
(Pliocene-Quarternary, mainly basaltic, lava flows and pyroclastics)
from the "01d Volcanic Landscape" which are of Oligocene-Lower !iiocene
age and which consists of volcanic asglomerates and andesitic formations.
The term "Your.: Volcanic" does not indicate 'endie" properties such as
low bulk densities, exchange complex dominated by amorphous materials,
or high content of vitric volcanic ash, cinders or other virtic
pyroclastic that pertain to soils in the Andepts Suborder and Andic

Suhv vaups,
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SOIL PROFILE CHEMICAL AND PHYSICAL ANALYSIS DATA
AREA: PULANGI 3

SOIL, SERIES: Mailag LOCATION: Mailag, Valencia Bukidnon
FINAL MAP SHEET NO.: AIRPHOTO OBS/NO.: FL 67-168 / PI
' : '! 1 pH : : 1 )
1 1
LABORAT@Y{HORTZON fpepr | wme tTH0 T cacr, T oo.c. ! oM. favaraBre EXTRACTABI
NO. | beeM) & tesT t 1%t § 1:2° Vs b (%) 1P (ppm) | K (ppm
]
3860 Ap 0-17 0 5.3 N7 3.2 5.5 4 75
3861 Ayen  17-26 0 5.5 5.4 0.2 0.3 4 57
3862 Pigen  26-41 0 5.0 T 0.7 1.2 2 55
3863 Bp,  11-69 0 5.2 5.0 0.6 1.0 10 92
age B3  69-100 0 6.2 5.5 t t 12 192
T T WITLIEQUIVALENTS PER 100 g 901l TBASE ] T EXCH,
HORIZON | DEPTH '~ EXCHANGELABLE BABES T EXCH. | C.E.C.ISATURA-! 2Zn ! Al
| (cH) TCamiz ¥ Wa T K 7 SUF'ACIDITY ! (SUM) ! TION !'(ppm) | (ppm)
Ap 0-17 5.0 0.2 0.1 5.3 19.2 24,5 22
hyen 17-2€ 1.6 0.1 0.1 1.8 13.2  15.6 11
Bigon 2641 3.9 0.3 0.1 4.3 12,2 16.5 26
Byg  41-69 8.5 0.7 0.1 9.3 10,9 20.2 16
Bz;  069-100 10.5 0.8 0.3 11.6 8.0  19.6 59
7 T PARTICLE S12E DISTRIBUTION | ; 7 " TLECTRICAL
' DCPTH | i T 'TEXTURE 'SLITLIRG! CaCO, |  COMDUCTIVITY
HORIZON | () | Totan | ostur v ocnav foeusss lvouoME | (8) ! (mwho/cm)
. | SAND__, (%) HE &3 i L m) | T71:1 | PASTE
A 0-17 28 27 us c 24 5.9
hagy  17-26 45 20 35 5CL/CL 21 m
Bigon  26-41 18 12 50 o 23 m
By U1-69 33 2 50 c 25 m
Byg  €9-100 45 18 37 sc 24 0.1

O\
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APPENDIX C

List of Soil Series Tentatively Placed in tle * Order Inceptisols

and Major Crops Planted.

C RO P S

o~ = <]

$ 0 I L SERTIES

Rice

Babuyan
Balongay
Baluarte
Bancal
Barcelona
Bascaran
Bay

Boac
Buayan
Butuan
Cabhahuan
Cahangan
Calape
Calumpang
Candigan
Catanuan
Dagani
Dalacan
Dawin
Donscl
Inton
Irosin
Kabacan
Kapalangan
Kapatangan
Kamandap
Kitcharao
Lala
Legaspi
Malinac
Mandawe
Hogpog
‘lambaran
Palapag
Palo
Panganiran
Pangasinan
Punupdupan
Patnongan
Pawing
rilar

pili
Polille
Libi

Liben
Liyao
Luisita
Lutayan
Nahini
Makabare
*qkato

San Mipuel
Sanra
Siaton
Silay
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cC R

0O P S

SOIL SERIES

Rice

Corn

Sinapangan
Sinolan
Sorsogon
Ramain
Tagulod

Avayat
Babuyan
Baguio
Baliangao
Balut
Baluarte
Baucal
Bani

Banto
Barcelona
Bascaran
Basco
Batuan

Bay

Bolian
Buayan
RBulaon
Burgos
Cadiz
Calape
Calumpang
Candigay
Dalican
Dagami
Dolores
Faraon
Hernani
Ilagan
Mew Iloilo
Indan
abtan
KFapatagan
Kitcharao
Laylay
Longa
Mambhutan
Matulas
Hayon
Hadellin
Miral
Hogpog
Panganuran
Pangasinan
Pasil
Patnongan
Pilar
Salamano
San Fabian
Libi

Liben
Lfgdo
Luisita
Lutayan
Mabini
Hacalod
Magallanas
San Manuel

"
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C ROP

SoIL

SERIEg

Corn

Coconut

San Pablo
sara
Siaton
Sobul
Silay
Siuapangan
Sinolan
Tagaytay
Tagum
Tamontaka
Tarug
Timaga
Umingan
Uyogan
villar
Zaragosa
Tiptipon

Baguio
Baliangao
Balongay
Baluarte
Bani
Banto
Bascaran
Batuan
Boac
Bugko
Cabahuan
Cabangan
Cadiz
Calape
Candigay
DayAami
Dalican
Dawin
Dolores
CGuimaras
Guinobatan
Indan
Kapatagan
Kaunayan
Labasan
La Carlota
Laylay
Ligaspi
Malinao
Mayon
Medlellin
Hirall
Paete
Palapag
Palo
Panganoran
Paturgin
Pili
Polillo
Palupandan
Saldaman
Lib l.
I:ibo'ﬂ
[utayon
taahas
Mabini
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C R OP

——

SOIL

SERIES

Coconut

Sugarcane

Other Crops

Macabari
Macalud
Sariaya
Siaton
Sumulong
Sorsogon
Tagur
Tamontaka
Tarug
Timbo

Angeles
Bago
Baluarte
Barcelona
Pasco
Batuan
Cadiz
Calape
Calumpang
Guimbalaon
Indrn
Kamandag
L.abasan

La Carlota
Longa
Pasig
Patbongan
Palupandan
LUiS ita
Macolod
Magallanesz
Hagecalum
San Manuel
Sara

Silay
Sampangan
Sorsogon
Rugnan
Taal

Anao-aon
Arayat
Bribuyan
Bad-as
Baler
Ealiargao
Balongay
Balut
Caluarte
Bancal
Bani
Ban*o
Barcelona
Basci.ran
Batco
Batuan
Bay

Boac
Bolinac
Brookes
Buayan
Bugko
Burgos
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C R

SO0IL SERIES

1
1
1]
-

Other Crops

Pasture Forest

Busuanga
Butuan
Cahangan
Calape
Calatagan
Calumpang
Candigay
Carig
Matalongon
Ligao
Luisita
Lutavan
Jamayaon
Mambutay
Mabini
Macabari
Magallanes
Magcalon
Macar
Novaches
San Manuel
San FRafael
Sariaya
Silay
Sinapangan
Sinolan
Sorsogen
Rugnan
Taal

Tagum
Tamontaka
Tarug
Tilik
Timbo
Titay
Tugis

Tupi
Uiuugaw
Uyogan
Villar
Zaragosa
Matuias
Mayong
Catubig
New Iloilo
Tiptipon

Libi
Lunus
Lutayan
Maalod
Magsaysay
Malalag
San Rafael
Santa Fe
Sta. Maria
Sariaya
Serilia
Sibul
Sison
Songsong,
Rizal
Rur~an

& q
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SO0IL SERIES

-o = -o]

Pasture Forest

Romblon
Tagbia
Tadao
Atatan
Abalon
Anman
Arayat
Atok
Babuyan
Baguio
Bakaking
Banga
Binangonan
Bituin
Bolinao
Balog
Brookes
Bulaon
Burgos
Cabangan
Cervantes
Coron
Espaia
Guimaras
Guinoang,
Ilagan
Lamut
Martalonga
Mayoyao
Nangalisan
Paste
Palitod
Paocay
Fasonanka
Poguis
Sabangan
San Fabian
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ALFISOLS AND ULTISOLSAI

S. PARAMANANTHAN
Asgsociate Professor
Universiti Pertanian Halaysia
43400 UPM Serdang,
Selangor, Malaysia
INTRODUCTION

Soils th:  ave significantly more clay in the B horizon than
in the A horizon (i.e. soils that have an argillic horizons fall into
a number of Orders in Soil Taxonomy. However, the presence of an
argillic horizon is a major criteris used to place soils into the
Orders of Alfiso?n and Uitiaols. The Ultisols key out after the
Histosols, Spodosols, Oxisols, Vertisols and Aridisols while the
Alfigols key ou! only after the Mollisolsz, Both the Orders of Alfisels
and Ultisols muct have an argillic horizon but are separated from one
another on the basis of theilr base saturation. Hence clay translocation
is the dominant scil Forming process for Loth these Orders. The Ultisols
have undergone extensive leaching resulting in low base saturation while

the Alfisols only moderate leaching giving rise to mederate to high base

status soils.

ALFISOLS

Genernl. Concepts

Soils in the order of Alfisols are formed by processes that
translocate silicate clays without excessive depletion of bases and
without dominance of processes that lead to the formation of a
mollic epipedon. The unique properties of Alfisols are a combiuation
of an ochric or umbric epipudon, an argillic horizor, a wedium to high
supply of bases in the soil and available woisture for plant growth
for morc than half the year. Becausc moisture aud bases are both not

limiting, Alfisols are quite intensively used,

1/

— Lecture pragented during the XIV Internaticnal Forum on Soil Taxonomy
and Agrotechnology Transfer, March 3-2C, 1986, Philippines.
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| Setting
| Due to their high basc stntus? the Alfisols have been called
the high base status brovm forest soils. From ghénproporties of
these goils we can concluie that Alfilsols oftem occur on landscapes
which meet the following cénditiona:
i. allow the e#istence of moderate érounts-of latiice-layer clays.
ii. allow fhese clays to accurulate iﬁ the subsoil by
translocation (argilli? horizon).
1ii. does not favour the formation of a spodic, mollic or

other diagnostic horizona.

Alfisols are forméd under many climatic zones ranging from
a mesic temperature regime to a thermic temperature regime. They
often occur on young land surfaces where leaching has not removed
the bases. Alfisols are mecst extensive in humid and subhumid areas.
Wher® the temperature regime is thermic or warmer, Alfisols t-nd
tc form a belt between the Inceptisols, and Ultisols and Oxisols.
In arcas with a mesic or vooler temperarure regime, Alfisols form
& belt between the Mollisols of the grasslando and the Spodosols and
the Inceptisols of the humid climates. The soil moisture regime of

these soils is aquic, ustic, xeric or udic.

Under humid temperate climates, Alfisols may occupy most of
the landscape, except on very steep slopes, alluvial flood plains
and very poorly drained depressions. Under subhumid to arid
conditions, Alfisols are commonly confined to borders of depressions
where slight concentrations of water hava favoured sodium and clay
migration to formla natric horizon, Hiéh elevations or iimited
rainfall or concentrations of basee in the parent material favour
Alfiséla formation in the Tropics (Guerrero, 1963). In general
Alfisols are rarc in the humid tropics being confine to areas where
a recharge of bases from the parent material e.é. limestone or due

to addition of bases from volcanic activity occur.

2
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Genesis
A number of processes contribute to the formation of Alfisola.
The mor. importantcf these are:
i. leaching of curbonutes und brownification
ii. elleviation of clay from the A horizon
iii.‘ illuviation of clay into the B horizon
ié. neoformation of clay in the B horizon by'weatﬁering

v, moderate to low leeching of bases

In soma Alfisols the textural B horizon may be partly destroyed
(tonguing of the E) by superficial podgolization. ,A fragipan or a

duripan may also foram in the textural B horizon.

Diagnvstic Horizons

& varlety -of diagnostic horizons' may occur in Alfisols.
‘Among the epipedons that may be present includa the ochric, umbric,
" anthropic and mollic cpipedons. The-ochric epijedon 18 by far the
. commonest. Subsurface horizons that are. common include the argillic,
natric and albic horizons. In addition a. fragipan, duripan, plinthite

or calcic horizen may also be prescnt, ; .

Climatic Regimes

Alfisols are found under a variety of soil moisturc and
temperature regime. The moisturc regimes include the aquic, ustic,
‘xeric ond udic. Alfisols occur in areas with a frigid to hyperthermic

temperag,;s rerimes.

Definition of the Order of Alfisols

The central conmcept of the Alfisols is that of a goil that has
an ochric epipedon, an argillic‘horizon; moderate to high basc status
ang in which water is held at.less than 15 bar tension duriﬁg at least

three months during the months when plants can grow.

Alfiscls are mineral scils having:
i. en argillic horizon or natric horizon with a base saturation

of greater than 35% at 1.25 m below the top of the Bt

.\0\\
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horizen or 1.8m below the surface, or at a paralithic

contact (whichever is shallower); with or without a

'ufragipan.

no mollic epipedon unless the argillic horizon has in
some subhori.on a base saturation of laess than 50%.
no cpodic horizon overlying the argillic horizon.

no oxic horizon overiying:the argillic, no plinthite

forming a continvous phase at less than 30 cm.

Key to Suborders

In sub~dividing the Order of Alfisols into Suborders, the

main feature uscd 18 the s0il moiscure regine (Fig. 1). The key

to the Suborders of Alfisols is as follows:

Alfisols that have an aquic moisture regime or are

artificially drained and that have characteristics associlated

with wetness, namely, mottles, or iron~manganese toncretions » 2 mm

in diameter, or chroma of 2 or less immali ately beiow any Ap horizon

or below any dark Al horizoa in which the noist colour value is less

than 3.5 after the material is rubbed. and one of the following:

1.

Dominant chroma of 2 or less iIn coatings 6n the surface
of peds and mottles within peds of the argillic horizon,
or a dominant chroms of 2 or less in the matrix of the
argillic horizon and mottles of higher chroma;

If there are no mottles in the argillic horizon, a
dominant chroma of 1 or less.

AQUALFS

Other Alfisols that have:

1.

2.

A frigid temperature regime but do not have a xeric
woisture regime; or
A cryic temperature regime,

BORALFS

qn)
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Othex {lfisols that hgye ane of the followingj

1, .An ustic moisture regime;

2. An epipedon that is both maseive and hard or very hard
when dry and 2 moisture regime that is aridic but marginal
to ustic.

3. Within a depth of 1.5 m of the sufface orvwithin a depth
of 50 cm below thelnse of ihe argil}ic horizon, a calcic
horizon or soft pqwdéry lime in gpheroidal forms or as
coatings on peds or digscminated in particles of clay
size and a moisture regime that is udic but marginal to

ustic

USTALFS

Other Alfisols that have cne of the following:
1. & xeric moisture regime; or
2. Ao cpipadon that is both mussive and hard or very hard
when dry and a moisture rogime that is aridic but

marginal ro xerilc.

XERALFS

Other:Alfizols that have an udic moisture regime.

TMALFS

'Great Groups
The fiveé Suborders of the Alfisols are divided into 33 Great

Groups.. The criteria used at the Great Gioup level include mean
sumier goll temperature (at ‘50 cm) and range of soll temperatures
bétween summer and winter; tonguing of the E horizon into the Bt;
abruptness of the L/Bt tramsition; thickness of Bt; reddish hue of

Bf; presence‘of absence of fragipan, duripan, nati ic or petrocalcic
horizon; presense or absence of plinthite; and percent base saturation

in the Bt. The Great Groups arc summarized in Table 1.
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Subroups
Subgroups in the Alfisols reflect the relationship of these
soils’with scveral other Orders that Border the modal Alfisol

«cological situation e.g. Mollic Ochraqualf,

Drainage differences commonly noted in a drainage catena of
Alfisols are reflected in the Suborder aund Subproup clunsification.
For example, 2 well-draincd soil would ba the Typic Hapludalf; the
moderately well to imperfectly drainad soil and an Aquic Hapludalf;
the sonewhat poorly drained Aeric Ochraqualf and.the very poorly

drained soil 1s a Typic Ochraqualf or Typic Umbraqualf.

ULTISOLS

General Concepts

Soils in the Order of Ultisols are formed by processes that
translocate silicate clays coupled with excessive leaching of bases.

Thus the unique properties coumon to Ultisols &re an aryillic

horizon, a low supply of hases, particularly in the lower horizons,
and a mean annual soil temperature higher than 8% (47°F). The
horizon of clay accunulation may be thin or thick. The cation
exchange capacity in Ultisols is mostly moderate to low. The
decrease in base saturation with depth reflects cycling of bases

by nlants or addition in fertilizers., Like Alfisols, the Ultisols
have enough meisture, but have few bases. Without fertilizers, they
can be used for shifting cultivation, but can be made highly
productive 1if fertilizeré aré used as Ultisols are warm and woist,

J6
Setting

The intensive leaching which Ultisols have undergone is often
a result of lcaching by intensive precipitation on a stable or
geomorphologically old landacapa, This intensive weathering and
leaching results in deep low base ntatus solls., As such Ultisols
arc more common in the intertropical regilons whare warm humid

conditions and old landscapes occur. However, Ultisols are by no

Y
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means confined to tropical latitudes. In the tropics the Ultisols
. occupy the relacively younger geomorphic positions compared to
Oxisols with vhich they are often associntad. However, . when
Ultisols are assoclated with Alfisols, the Ultisole_ate,qn tha
mora stable landscapes and Alfisols on the younger sideslopes.
Thus Ul:isols often occur on landscapes vhich ueet the following
conditiona:
‘4. allow the existence of noderate awounts ofllattice-layet
clays,
i1. allows these clays to ba translocated and accumlatad
in the subsoil (argillic harizon).
111, does not favour the formation of a spodic, mollic @

other diagnostic horizons.
!

Ultisols are formed under a variety of elimatic zones.
They are common soils of the wid to low latitudes. The soil
woisture regime is not perudic, but at some season there is an
excess of precipitation over evapotranspiration and water moves
through the soil and into a warm moist substratum. The release
of bases by weathering s usually equal to or less than the removal
by loaching, and mormelly wost of the bases are held in the _

vegetation and upper few centimaters of the soils.

Ultisols are most extensive in warm humid climates that have
a scasonal deficit of precipitation. They occur over a varieﬁy of
pavent materials but wry few have primary minerals. The Ultisols
wmay hava uhy soil témpeLéture regime warmer than fripgid or isofrigid.

They may have sn aquic, udie, xeric or ustic soil poisture regimes.

“Genesis
A number of procéases contribute to the formation of Ultisols.
The more important of these are:
1. excessive leaching
11, eluviation of clay from the A horizon

111, d{lluviation of clay in the Bt horizon ‘ i
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iv. necoformation of clay in the B horizon by weathering

v. small amount of podzolization

In some Ultisols the textural B horizon is often overlain
by a thick E horizon. This E horizon may be sandy textured while
the Bt horizon clayey., A fragipan or plinthite may also occur

in these soils,

Diagnostic Horizons

A number of diagnostic horizons and features may occur in
Ultisols. The epipedons that commonly occur are ochric, umbrie,
anthropic and mellic. The subsurface horizons and features common
in Ultisols include argillic, albiec, fragipan and plinthite.
Ultisols occur in soils having as isomesic or warmer soil
temperature rogime. The moisture regimes common to Ultisols are

aquic, ustic, zeric and udic.

Definition of the Order of Ultisols

The central concept of the Ultisols 1s that of a soil that
has an ochric epipedon, an aryillic horizon, low base status and
in which there is sufficiont moisture for at least three months

for plants to growu.

Ultisols are mineral soils that:

l. Do not have tongues of albic materials in the argillic
horizon that have vertical dimensions of as.much ap 50 cm
if there is 10% weatherable mincrals in the silt fraction,
but have one of the following combination of character-
istics:

a. Have an arpillic horirzon but not a fragipan and
have base saturation (sum of cations) of ¢35%
within the following depths:

1. 1If the argillic horizon has in some part a4 hue
of 5YR or yellower, or a colour moist of & or

more, or a colour value dry that is more than
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1 ynit higher than the velue, moist, the

shallowest of the following:

'a. 1.25‘$1below'the'upper Séﬁﬁdnry of the

' argillic horizon.

b. 1.8'm bélow the surface of the soil or

c. Imnediately above a lithic or paralithic
contact.

Ly If the argillic horizon has some other colour
or 1f the epipedon has a sendy or sandy ~
skeletal particle - size class throughout,

. the deeper of 1.25 m below the upper boundary
- of the argillic horizon or 1.6 m below the
surface of the soil, or immediately sbove a

) litchic or paralithic contact if it is

shallower.

b. Or have a fragipan thﬁf
1. Meets all thu requifeﬁents of an argillic

horizon; or has clayskin » 1 mﬁ thick in
some part, or underlics an argillic horizon
ot .
i1, Has bage saturation (by sum of cations) of
& 35% at a depth of 75 cm below the upper
boundary of the fragipan or immediately above

a lithic or paralithic contact, whichever is

shallower.

Have a mesic, isomesic or warmer tcmperature regime

Do not have a spodic horizon, and do not have an oxic

horizon unless it underlies an argillic horizon; and
Do not. have plinthite that forms a continuous phase

ﬁithin 30 co 6f the soil surface.
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Key to Suborders

... In separating the Ultisols into Suborders two criteria have

been used, The soil moisture regimg and the anount of organic

carbon in the upper part of the argillic horizon have been used

tc subdivide the Order of Ultiaols (Fig. 2) into five Suborders as

fgl}ows:

Ultisols, either saturated with water at some time of the

. year or artificially drained, that have characteristics associated

with wetness, namely mottles, iron-manganese concretions » 2 mm in

diameter, or chroma, moist of 2 or less immediately below any Ap

or Al horizen that has a value, moist, of leis than 3.5 when rubbed;
and also one or more of the following: :

1.

Dominant chroma moist of 2 or less in coatings on the
surface of peds and mottles within the peda, or
dominant chroma of 2 or less in the matrix of the
argillic horizon and mottles o higher chroma (if the
hue 1is ;eddtrchan 10YR because of parent materials

that remain red after citrate-dithionite extractiqn,

the requirement for low chroma is waived);

Cliroma, moist, of 1 or less on surface of peds or in the
matrix of the argillic horizon; or

Dominant hue of 2.5Y or 5Y in the matrix of the argillic
horizon and distinctt or prominent mottles and also a
thermic or isothermic or warmer soil temperature regime.

" AQUULTS

Other Ultisols that have either or both of the following

characteristics:

1.

Have 0.9 percent or more organic carbon in the upper

15 c¢m of the argillic horizon; or

Have 12 kg or niore organic carbon in the soil per square
meter ¢o a depth of 1 m below the base of the mineral soil
surface, exclusive of any 0 horizon that may be present.

HUMULTS Ol
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Other Ult1igolu that have a udic moisture regime.
UDULTS

Othur Ultisols that have an uetic noisture regime.
USTULTS

Other Ultisols that hava e xeric moisture regime.

XERULTS

Great Groups
The five Suborﬁeré of the Ultisols are further subdivided

into 22 Great Groups. The criteria uéed in this subdfvision are
the presence or abscnce of various soii features such as plinthite,
fragipan,'iso—temperatures,‘claybdistribucion Qith deth, ochric
epipedon and colour value of le~s than 4 in the argillic horizon.

The Great Groups are summarized in Table 2.

Subgroups
Subgroups in the Ultisols us is the case of Alfisols

reflect the reiationship of these soils with several other Orders

that border the modal Ultisols e.g. Spodic Paleudults.

Drainage differences commonly noted in a. drainage catena of
Ultisols are reflected in the Suborder and Subgroup classification.
Por exarple, a well drained soil would be the Typic Tropudult; the
wmoderately to imperfectly drained soil woVld be Aquic Tropudult;
the somewhat, poorly drained an Aeric TrPpaquult and the poorly

drained member a Typic Tropaquult.

\{
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Natrustalfs

Table 1. Suborices and Great Groups in the Alfisvls Order
T o T
SUBORDER | GREAT GROUPS
1
Natraqualfs -~ presence of a natric horizon
Tropaquelfa -~ MAT*} 8°C (47°F) and summer and winter
temparature differ less than 5°C (9°F) at
50 cm
Fraglaqualfs - presence of 'a fragipan
Glussaqualfs =~ albic horizon tonguing into the argillic
! horizon and no duripan present
Albaqualfs - abrupt textural change from albic to argillic
horizon
Ochragualfs -~ presence of an ochric epipedon
Unbraqual f - pregence of an umbric epipedon
Paleboralfs - upper boundary of argillic horizon deeper than
60 cm (24 dn) and textures finer than
loamy fine sand in some layer above the
argillic horizon
Fragiboralfs -~ presence of a fragipan
Matriboralfs . presence of a natric horizon
Cryoboralfs - mean summer temperature at 50 cm (20 in)
or shallower lithic or paralithic contact
of less than 15°C (59°r) without an 0O
horizon § € 8°C (47°F) MST + with an O horizon}
Butroboralfs - base saturation) 60% in all parts of argillic
horizon and dry in some horizon part of each
year
Glossoboralfs - either never dry or have a base saturation
< 607 in scme part of the argillic horizon
Flinthustalfs - plinthite nresent within 1.25 m (50 in) of
the surface
Durustalfs - duripan present below argillic or natric

hourlzon but within 1 m (40 in) of the surface
vreseace of a natric horizon

Palcustalfs - prcsence of a petrocalcic horizon within 1.5 m
(50 in) of the surface or a thick dense argiliic
horizon

Rhodustalfs -~ arcillic horizon colour redder than 5YR

Haplustalfs - other Ustalfe

Plinthoxeralfs- presence of plinthite within 1.25 m (50 in)

Durixeralfs
Natrixeralfs
Rhodoxeralfs
Palexeralfs

Haploxeralfs

of the surface

- presance of a durdpan within 1 wm (40 in) of

the surface

presence of a natric horizon

argillic horizons redder than 5YR

solum thicker than 1.5 m (60 in) of the
surface

other Xeralfs

Aprudalfs
Frag s-dalfs
Ndatrudalfs
Tropudalfs

Ferrudalfs

- Lr2an surnmer

an agric horizon

a fragipan

a natric horizon

and mean winter temperatures at
50 en (20 in) or lithic or paralithic contact,
if shallower, differ by less than 5°C (11°F)
presence ¢f a discontinuous albic horizon and
discrete iron nodules 2.5 to 5 mm in diameter
in the argillic horizon

presence of
presence of
presence of
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Table 1 (continuation)
1]
~ SUBORDER ‘

fo =

GREAT GROUPS

Glosoudalfs

Ia.eudalfs

Hapludalfs

- presence of an albic horizon which tongues
‘into the argillic horizon

- 8ola deeper than 1.5 m (60 in) have & clay
distributior. that decreases less than 20%
of its waximum within the 1.5 m (60 1n) dapth

-~ other Udalfs

WAT = rpean annual temperature

+MST = wmean summer tempera:uté
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Table 2, Suborders and Great Groups in the Ultisols Order
I
SUBORDER | GREAT GROUPS

i

Plinthaquults = plinthite forms over one-half of a
‘horizon within 1.25 n (50 in) of the
surface

Fragiaquults '~ presence of a fragipan

Tropaquults = mean summer and mean winter temperatures
differ less than 5°C (9°F)

Aquults Paleaquults ~ less than 10% weatherable minerals in
“the upper 1 m (40 in) and a clay
distribution such that the clay content
does not: decrease more than 20% within
1.5 n (60 1n) of the surface

Ochraquults - presence of an ochric epivedon

Unbraquults - presence of an umbric or mcllic epipedon

Ylinthustults - = plinthite layer within 1.25 m (50 in)

. of the surface

Palcustults - less thun 10% weatherable minerals in

: the 26~200 § separate within 1 m (40 1in)
end a cley distribution with less than
20% decrease within 1.5 m (60 in) of
the surface

Ustults Rhodustults - moiat colour value less than 4 in all
rarts and argillic horizon colour values
less then 5

Tropustults ~ @mean summer and mean winter temperatures
differ less than 5°C (9°F)

Haplustults -~ all other Ustults

Peleudults - less than 10% weatherable minerals in the
20-200P ecparate of the upper 1 m (40 in)
and less than 20% clay content decrease

Xerults within 1.5 n (40 in) of the surface

Haploxerults - other Xerults
Palehumults ~ less than 10%Z weatherable minerals in
the .20-200 ¥ separate of the upper 1 m
(40 in) and less than 20% decrease in
Humults clay content to a depth of 1.5 m (60 in)
Tropohumults — mean summer and mean winter terperatures
differ by less than 5°C (9°F)
Haplohumults -~ other Humults
Fragdudults - presence of a fragipan
Plinthudults - plinthite layer within 1,25 m (50 in)
of tha surface
Paleudulte - less than 107 weatherable minerals in the
. 20-200 ¥ separate of the upper 1 m (40 1n)
and koss than 20% decrease in clay content
to a depth of 1,5 m (60 in)
Rhodudults - moist colour value of epipedon less than

Udults 4 and dry argillic horizon colour values
less than 5 '

Tropudults - mean summer and winter temperatures differ
by less than 5°C (9°F)
Haplodults - all other Udults

o~
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AQUALFS

COOL DRY

" HOT WET

Fig. 1. Key to Suborders of Alfisols

UDULTS

&
g

XERULTS

DRY

"HUMIC
(not wet) . . NOT WET

Fig. 2. Key to Suberders of Ultisols

H1



MOLLISOLSLI

L. MONCEAPOEN
Soil Correlator
Soil Survey and Classification Division
Department of Land Development
Bangkok, Thailand
INTRODUCTION
The Mollisols include most soils that have been called Chernozem,
Brunizem (Prairie), Chestnut, and Reddish Prairie, and the associated
Humic Gley soils and Planosols., They also include those Renzinas, Browm

soils, Reddish Chestnut goils, and Brown Forest soils that have a mollic

epipedon,

The vast majority of the Mollisols have developed under a grass
vegetation, although many apparently have been forested at an early time,
A few that formed from chalk or marl have apparently formed under forest,
Most of these solls in hiph latitudes have formed in late - Pleistocene
or Holocene deposits. Beyond il limits of glaciation, Mollisols may he
in older deposits of on older surfaces dating back perhaps to mid - Pleis-
tocene or earlier, and these normally have an argillic horizon that has a

reddish hue.

The climatic range of Molldsols is from boreal or alpine to
tropical, Rainfall may be sufficient to provide some annual leaching
through the soil in most year, or it may only be moisture in the solum,

Dry season are iormal.

GENESIS

The relative thick, dark - colored, humus - rich, and dominant
bivalents of Mollisols, from a genctic point of view is thought to be
formed as the process called "Malanization”., The process consists of the
underground decomposition of organic residuecs under thc presence of
bivalent cations cnvironment. The residues are decomposed partly from
roots and partly from the surface that have been taken underground by

animals.

1/

='Lecture presenced during the XIV Internstional Forum on Scil Taxonomy
and Agrotechnology Transfer, March 3-20, 1986, Philippines.
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CTIAGNOSTIC HORIZONS

The following horizons may occur in the Mollisols

Epipedon : mollic

Subsurface ¢ cambic, argillic, albic, matric, caleic,

petrocalceic horizon, and duripan

Soil moisture regime ¢ souic, ustic, udic, xeric, aridic

Jo1l temperature regime : frigid to hycerthermic

DEFINITION

Mollisols are mineral soils that

1.

2,

3.

Mcet one of these two requirements

a, Have a mellic ¢pipedon or

b. have a surfece horizon after mixed to a depth of 18 ¢,
meet all requirements of a mollic epipedon and

have buese paturation (NHQOAC) of 507 or more as follows:

.a. presence of argillic or natric horizon

- to o depth 1.25 m, ‘'below the upper boundary of argiilic
or natric horizon, or |
~ to ¢ depth 1.2 m. below the soil surface or to a lithic
or parelithic contact, whichever 1s least.
k. absence o ~rgillic or natric horizom
- to a depth 1.8 m. below the soil surtace or to a lithic
or paralithic contact, whichever is least: and
have bulk censity (1/3 bar water ctonsion) 0.35 or more if
cxchange complex is dominated by amorphous material and have less
than 60% vitric volcanic ash, cindcrs or other pyrociastic

materia) in the silt, sand and graval fractions,

KEY TO SUB - ORDERS OF IMOLLTSOLS

At the Sub - Orders level Mollisols ore separnted using the soil

aoisture regimes, presence of albic horizon and other soil properties.
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The Sub ~ Orders are summar? :ed in the dingram below:,

/ ~ pENGOLLS
/'BORCLLS . /b

coot— ' ‘ ' DR

KL( TO GREAT GROUPS OF KOLLISOLS
The Cub - Orders of the tlolliso}s arc separated into Creat
Groups using the presence of specific diesnostic horizons, properties

or soil temperature replue, The criteris uged include the following:

natric horizon

argillic horizon

cambic horizon

calcic horizon

cryic or pgrgelic teuwperature regime
distribution of clay content 1o the profile

presence of krotavinas

The Sub - Orders and Greot Groups are given in the table below:

Suborder and pgreat proups of the liollisol order

T B
SUBORDEP GREAT GPROUP
Albolls Matravolls - presence of natric horizon
Arpgialbolls -~ presence of argillic horizon

&
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.. SUBORBER § GREAT GROUP
‘Cryaquolls - have a cryic or pergelic'temperature
reginé ‘
‘ Aquolls‘ Duraquolls -~ presence of 2 duripen
Hﬁtraquolla ~ presence of natric horizon
Calciaquolls - presence of calcic horizon
Argiaquoils - presehce of argillic horizon
ilaplaquolls ~ presence of cambic horizon
Paleborolls ~ presence of argillic horizon at
greater thon nornal depth
Crycborolls ~ have & cryic or perpelic temperature
regine
Natriborolls -~ presaence of natric horilzon
Borolls Argiborolls ~ presence of an argiilic horizon close
to the surface
Vermiborolls ~ presence of varmholes, warmcasts
or tilled animal borvous
Calciborolls ~ presence of calcic or petrocalcic horizon
Haploborolls -~ presencc of cambic horizon
Rendolls No great group developad
Paleudolls - pregence of argillic horizon, clay
content does not decrecase by 207 from
the maximum
Udolls Argludolls ~ presence of argillic horizon
Vermiudolls -~ presenc: of wormholes, wormcasts of

Hapudolls

filled aniinal burrows

prasence of cambic horizon

Duriustolls

Natrustolls

prasence of & duripan

presence of 2 natric horizon
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SUBORDER j GREAT GROUP
Ustolls Pulcusﬁolls -~ presence of pctrocalcic and argillic
horizon within 1.5 m/clay does not
decrease by 20% from the maximum
Calciustolls presence of calcic horizon
Argiustolls presence of argillic horizon
Vermustolls presence of wormcasts, wormholes or
filled animal burrows
Haplustolls presence of cambic horizon
Durixerolls prescrnce of duripan
Natrixerolls presence of natric horizon
lerolls Falexerolls presence of petrocalcic horilzon

Calcixerolls

Arpixerglls
Haploxerolls

or argillic

presence of

preseace of
presence of

horizon
arpillic horilzon

sriiklic hordzon
cambie horizon

A\



HISTOSOLS-

R.D. YECK

Research Soll Scientist
National Soil Survey Laboratory
Lincoln, Nebxaslka

INTRODUCTION.

The vhysical and chemical pronertics of organic solls are vastly
different those of mineral sofls. i&causze ci the unique properties of
organic soils, pedologists have grouped then soperately in the past and
the authors of Soil Taxonowy identified #hot at the highest categorical
level by creating the !listosol order. '!istosol iz from the Greek word

Histos, meaning a web, and now uscd as a corbining form meaning tissuc,

Figurcs 1 and 2 show the distribuiion of organic soils (peat) in
the world and in the United States, resuwectlvaely. Peat areas occur in
all climatic zones on all continents bui ars wost common and extensive
between latitudas 52 and 70 becaus.: of . act wiaclation and temperature:
moisturc interrelatiashiys that I-vow cuynaic witter accumulation at
those latitudes, ¥inland his a’wost a thicl of its land arca covered
by peat while Sweden, Irclaad. Canacda. .wi«iy,. Scotland, and liorway

ay covered by peat. Hot all

all have nmore tuaa i percont of thidir
of these areas would qualify as Pistosois; liovover. laritime clirates
also favor tho forwation of ‘listosols in lu ¢ lying coastal areas. They

occur 2long the east coaats o liorth Amaerica i fsla,

Bvecett (1503) points out thet orjate watter accurulates under
reducing or saacrobic conditions that aw: deoeiicdly unfavorable for
the dbilodeugradeation of organic uatter. 1o umldes adequate to

excessive mojsture, freguently comiined it lov tewmperatures.

Precipitation usually cxeceds cvapotrans

In addition to the orpganic soils Fox.2d under saturated conditions,

freely drained ‘istosols occur as rclativi:ly thin accumulations of
orzanic plant litter on rociks (blantet te+sy. ‘The orxder Histosols
accommodates both types. but the saturated cuco are much more extensilve
and cconomically dmrortant. TFor the frcel; drained organic soils
(Folists) to yualify as Nistosols, they must contaln 20 percent organic
carbon compared to a nininun oranic carbon riquirement of 12 percoent

for the saturated Tlistocols.

1/

~'Lecture presented during the 7V Dternalicnal Foxum on Soil Taxonomy

and Agrotaclinology Transi.y, #hilipadnes,
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For the saturated Histosol suborders, the muinimum organic
carbon requirement varies with the clay content. Because clay and
crganic carbon are comoonly the wain chomically active soll components,
the requirements for Histosols arc intended to insura that organic
nmatter is chemically dowinani. 48 cluy cortont increases from O to
60 percent, organic carbon content must iacrease from 12 to 18 pereent.
With no clay, organic carbon must be at least :2 percent and, if clay 4s 60
percent or nore, organic’'carbon nust excecd 16 percent. The proportinal

requirements are shown grophically on fim oz 3. Thers is a lower organic carben
requirement (8--12 percent) for plowed hiztic :pipedons. Normally, data

sheets express mineral content {determincd oy dry combustion at 400°C)
and organic carbon content (dctermined by wat combustion). The wet
compustion method (Walkloy-Black) is reliabic up to about 10 percent
organic carbon. The mineral content values are, therefere; preferred.
The dry coubustion method may not be reliobie whun samples contain

amnorphous material or gypsum.

fmong the ilistosols chat arve vsually caturated, the degrec of
decomposition, because of frs jwpact ow th: coil’s physical conditions,
is used as suborder criterla, The uepres of uccomnosition relates
sonevhat tc the type of veperation undzzi:uing ducomposition, but
perhaps more to water table fluctuation. “he more highly decomposed
Histosols are normally vaes with a fluctuatiug water table that allows
for more oxideiion within the soil thaa iu the icss decomposed soils
wheere vater tables are shallow and static, 7 the ficld, we are able
to identify degree of decemrnosition bascd on the presents or absence
of identifiablc plant tissuc fibers. They ave casily identifiable

and dominant in fibric horizons and are aheant in sanric horizons.

ertics are also observuable

Hewmic horizons are intermediate. These rop
in thin secticns. With increasing decomposit oa, Histosols become rore
densc and lose the sponpo-like properties. As noted in Soil Taxonouy
(801l Survey Staff, 1973) bulk densitlzs comon {a fibric nerizons are
£0.1 g/ce, between .07 and 1L in hemlc mzturiels, and 8.2 or more in
sapric materiels. As the bulk densltics viry, the poteantial water
holding capacity also varics. Saturated uoilsturc contents, as a voluns
percent; might be just less thun 105 in Fivric materials. 85-90 percent
in henle waterdals. and greater thaa aboui i 35 percent in sapric
matarials. Although saturat:d noisture roveenteges are not strikinply
different, moisture retainad apaiast 0.1 baor suction 1s more varied and
more Important to crop production. They rould typically be near 75
percent for snpric, near 60 perceat for hemle, Lut near 30 percent for

fibric materiels (Soclter, 17490,
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The degree of decomposition 13 opeurationally defined by both
physical and choemical criteria. The suborder criteria are shown
graphically on figurc 4, ‘The definitions cre as follows:

Fibric: 375 percent rubbed {iber, or 240 percent rubbad fiber
and light pyrophosphate color. Most fiiric materlals are formed from

sphagnum mosses.

Sapric: <17 percent rubbed fibor and dark pyrophosphate colors
ond are the most decomposed crganic soils. Kearly all cultivated organic

soils have sapric surfaces. Ghallow (torric) organics are usually sapric.

Hemic: Fall to meet the requiremenis for sapric or fibric.
Hemic soils are commonl)y straw yallow. Some zppear hizhly fibrous,

but fibers disintegrate when rubbed.

The fiber content criterfon diroctly wmeasures the degree of
decomposition. The color criterion is an opplication of our knowledge
that as organle materials dccomnose, nor. huode are formed. The darker
colored humic acid in the nyrophosphete :wivact relates to the degree

of decomposition.

Great groun criteris of Histosol:r rz rrimarily based on
temperature regimes (Cry, Lero., Tropo). Jne uxception is that of
Sulfahemists, All Histosols. containing sulfidic materials are
classified as hemists regardless of the deree of decomposition, It
was felt that thesc scils should be grounad togcther because of the

large dwpact of the sulfur.

Thicker organic loyers are required for fibric materials than
for sapric or hemic materials. Thesce criteria re.etive tor the potentinl
subsidence that occurs ricu the soils are drained. Tibric material is
less dense and would subside more than snpric waterial if it were

draincd for farming.

Histosols arc Lwportant timber ond vigatable crop production soila
50 a few points about their exchange capacity comparad to mineral soils
is useful. ‘he follouing is a compurison of tie surface horizon

exchangeabl.: calcium of two liinnesota soll:s from the northern Unitad

States,
DT T TRTIC i AQUIC
FPROPERTY | LOWHHESY (0a)! HAPLOBOROLL (Ap)
Ca (meg/190 g) 145 5.4
Bulk Density {(g/cc) 0.04 1.48
Ca (meg/emd) 5.80 8.0
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These data emphasize that, althoush a nutrient expressad as o
weight percentage in organic soils are comparatively large values, they
are sharply decreased if exprussed as a volume percent. Since plant
roots ramify a soil volume rather than a soil wedght, a volume
expression provides a morec meaningful rctnod of comparing nutricnt
content between organic and wincral soils. Ot’.er nutrient expressions
and the cation exchange capaciiy are also high when cupressed as weight
parcentages in Histosols, bur wore nearly like mineral soils when
expressed as a volume percent. These solis lave a large pH-dependent
charge, so the cffective CEC (sum of catiuns plus KCl aluminum) 1is the
most useful CEC cxpressiou for agronomiz uses. Fairly typical Histosol

data ere shown in table 1, data from a “inna otg Lorosaprist.,

Nutrient status of “lstosols s quite variable and dapends, to
a large extent, om the dissolved nutricats in the water feceding the
organic soilc. This, in turn, affects che tyre of plants that grow on
a given Histosols. Frequenily Mist..zls vejidre ldming for production
of cultivated crops. Reaulrements f.r _4ir<onal plant nutrients as
fertilizer are variable but cotrwntly pocctdisun and micronutrients

arc deficient in Histosois.

llistosols raquire careful mecacencat vhen drained and cultivated
to control the loss of soil naterial hy oieidacion and wind erosion.
Vater tables zr2 usually carcfully controllad o optimize crop production

and ninimize soil loss,

We have discussad the pvopurtizs of lLictosols and their placemont
in Scil Taxonomy es well as gome of the ericerla for placement, Additional
discussion and more speciiic criteria ar: <iscussed in Chapter 1, of

“Padogencsis and Soil Taxonomy . 11. The Coil Grders” (Everctt, 19817,
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American Socicty of Agronomy, 1582, Guy D. Smaith discusses Soil
Tazonomy. Reprints from Soil Jurvey Zorizons, 1977 through

1982,
Physical procerides of 7 :ats as related to degree
AhSA,

Boelter, D.H, 1939,
Proc. 33:606-609,

of decomposition.
ladiscn, Wisconsgin.

Soil Sciavce Soc. Am.

Everett, K.R. 1983. Hlistoools din T
The S5c4l Orders. L.¥. Wilding, 0.9, 3aeck, and G.F. Hall, ad.
hing Congpany,
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MINERALOGY OF SorLsi/

GENARC O, SAN VALENTIN
Associate Professor
Department of Soil Science
UP at Los Bafos

College, Laguna

Soil mineralogy is considered one of the most important
determinantc of the soil capability. In rice production for example,
strongly weathered soils in which the clay fraction is dominated iron
oxide and kaolinite are considered poor soils for rice. Soils acquire-
most of their properties from the minerals they contain although some
of the manifestations are hardly differentiable from the influence of
soil texture. These‘pronnrties include vater retention capacity,
permeability, plasticity, shrinkage swelling, and cation-exchange
capacity. The importance that soil mineralogy plays in soil
classification is recognizable even in the old system where certain
soil groupings embody certa’n properties unique to certain mineralogical
component., In Soil Taxonomy (1975), mineralogical composition appears

at the family level of the classification scheme,

The objective of this paper is to discuss the common soil
minerals, their properties, and their implinations to sc¢il management.
Emphasis will be given to tropical soils with regards to the influence

of soil minerals on their characteristics.

The minerals commonly found in soils are given in Figure 1.
These include the crystalline and non-crystalline fractions of soil

inorganic material.

Soil Taxonomy (1275) recognizes 15 mineralogical classes not

including mixed mineralogies as follows:

OXIDES AND HYDROUS OXIDES

Ferritic Oxidic
Gibbsitic Siliceous

1/
~ Paper presented_at the XIV International Forum on Sqil Taxongmy and
Agrotechnology Transfer for the ASEAN region, hedd in the Philippines.
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S0IL CONSTITUENTS

WATER SOLID AIR
INORGANIC ORGANIC
CRYSTALLINE NON~CRYSTALLINE
3
: Hydrous oxides of Alumino-silicates
: iron, aluminum and 1) allophane
: silicen 2) imogolite
: 1) plant opal 3) glass
: 2) hydrated gels
Oxides and Silicates Slightly Soluble
hydrous oxzides soluble salts salts

of Fe, Al, Mn,
Si, and Ti

Figure 1. Minerals commonly found in soils.

(After Uehara, 19

).
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SILICATES
Chloritic Kaolinitic
Glauconitic Hicaceous
Halloysitic Montmorillonitic
--‘T1litie Serpentinic

SOLUBLE SALTS

Carbonitic Gynsic

MINERALOGICAL COMPOSITION OF SOILS

The same factors of soil formation determines the occurrence
of clay minerals in soils. These factors are: parent material,
relief, time, biotic factors, and climate. Largely because of
climate, a sipnificant pronortion of svils in the tempurate region
differs from those of the tropical recion. Soil temperature and
moisture are two climatic facters that determine much of the
differences batween scils developed it the humid tropical zone and
those in the temperate zonc. A soil develeped in the humid tropical
zone, is usually more weathered than onc developed in the temperate
zZone, Consequently, minerals frequently found in tropical soils
belons to the more weathered members (f the series such as kaclirite
and ~ibbsite. This can be easily understocd if one follows the
weatherin; of feldspar to mica or montmorillonite to kaolinite and
then to cibbsite. The rapid loss of potassium from feldspar under
hizh temperature and hich leaching environment facilitates the

weatherins of this mineral to kaolinite or gibbsite.

A. Primary minerals in soils

The primary minerals in the soil makevup bulk of the
sand and silt fractions of most soils. The most abundant
primary soil minerals are quartz and feldspars (Jackson,
1964), Potassium feldsrars occur commonly in the course
fréctions but may also be abundant in the clay-size fraction
of very young scild% Pyroxenes, amphiboles, olivine and

other accessory minerals may be present in smaller percentages.

A
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Carbonate minerals in soils

Calcite is the most abundant carbonate mineral in
soils. Calcite could be inherited from limestoﬂe, marl,
chalk and marble parent materials cr formed in the soil
as it accumulates in the C horizon of some soils in sub-

humid and arid resions.

Layer silicate or phyllosilicate minerals

The layer silicate or phyllosilicate soil minerals

are classified under three types, namely 1:1, 2:1, and

"9:1:1: These numbers refer tc the layer silicate

structures which are formed by the tetrahedral silica

sheets attached to octahedral hydroxyl sheets.

The 1:1 type layer silicates common in soils are
kaolinite and halloysite. The layers are ccmposed of a
tetrahedral sheet and an octahedral sheet in which the
valency of 8i and Al are satisfied by four oxygen atoms
For 5i and six for Al but one of the oxygen for Al is
shared with a Si throush which the silica sheet and the
octahedral sheet are cembined, Successive layers® ..
are joined tcgother by H bonds giving 7.2 A X-ray interval.
Isomorphic substitution in the crystal structure is very
little compared to other layer silicates. The almost fixed
layers and limited substitution in the lattice accounts for
the low CEC, limite? surface area, very low plasticity, and

non-expandability of the layers.

Halloysite resembles kaolinite except that a layer
of water is hydrozen-bonded in the interlayer position.
The unequal distribution of forces in the lattice causes
the expansion of the tetrahedral sheet, hence the curling
or tubular structure of the mineral. The structure in which

trr fetawlagan neeition ig fullv hvdrated contains a maximum

W
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of four water moiecules per formula weight and is known as
endellite or.hydrated balloysite. The structure from which
the water in the interlayar has been removed is called

halloysite or metahalloysite.

. The 2:1 type layer silicates occuring extensively
in soils are montmerillonites, vermiculites, and micas,
These layer silicate minerals are composed of two silica
tetrahedral sheet per octahedral sheet, The montmorillonites
have some isomorphic substitution in the crystal lattice but
largely in the tetrahedral sheet where Al substitute for Si.
This substitution creates a net charge for the crystal
structure, Substitution in montmerillonite may alse occur
in the tetrahed;al shiet by P for Si and/or Mg, Fe, Zn,
Ni, and Li fnr Al in nctahedrzl coordination. These
substitution creates a permanent negative charpe within
the lattice which .1y be neitralized by cations in the

interlayer positinns.

The montmorillonites or smectites have freely expansible
layers due to the weak bonds between layers. The spacing
ranges from 1?2 to 18 A and varies with the cation species
‘and dercree d solvation of the caticns in the interlayer,
Complete dehydration gives a spacing of less than 10 A while
full hydration expands the layers completely apart. This
accounts for the large surfice area, shrink-swell characteristis

and high plasticity and cohesicn in montmorillonite.

Vermiculite has a structure similar to montmorillonite
except it has more substitutiop in the lattice resulting in
greater charge density. Substitution in vermizulite is
predominantly in the tetrahedral sheet which results in
closer bend of the exchangeable cations in the interlayer

porition with the negatively charged layers and limiting

expansion to about 4,92 A only. ?;\
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Mica has same basic structure as mentmorillonite

and vermiculite except that in mica some Si in the tetrahedral

sheet are substituted by Al which is the reason for its
rpeater charze density than vermiculite. The layers in mica,
however, are held strongly together by K in the hexagonal
positions in the interlayer space. Consequently, the layers
are fixed and interlayer space dossnot contribute to cation

exchange.

The 2:1:1 type is like the 2:1 type with an additional
octahedral sheet in the layer. This additional sheet has Mg
or Al in octahedral coordination. The substitution of Al for
Mg create positive chacge in this additional sheet. Minerals
under this type are known as chlorites which have low surface

area and cation exchange capacity.

Oxide and hydrous oxide minerals

The oxide and hydrous oxile minerals cccur extensively
in soiis. As soils become intensively leached, the removal
of Si results in the accumulation of Fe, Al, and Ti in the
form of hydrous oxides. These minerals range from highly
crystalline to non-cryst lline an? posses variable and pH-

dependent charges.,

Gibbsite is the most nbundant free hydrous oxide of
alumina in hirhly weathered soils of the tropical and
subtropical regions, Gibbsite is crystalline but amorphous
hydrous oxides of aluminum alsc nccur. Boehmite occurs
in intensively leached and hirhly weathered soils usually

together with ribbsite.

The most common iron oxides in soils are hematite and
and goethite. Hematite may occur in silt and sand fractions
of Oxisols. Iron oxides of soils are usually derived from

weathering of iron-bearing minerals, Under pooily drained

L
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soil conditions lepidocrocite, an isomer cf goethite, may
occur as repo;ted in some rice soils in Japan (Kojima and
Kawagudhi, 1968a, b). Magnetic iron oxides, magnetite and
maghemite, occur in the sand and silt fractions of certain

highly weathered soils.

Titandium oxfde minerals cowmon in soils are rutile
and anatase. Rutile may be derived foouw parent rocks while
anatase may be formed during soil weathering. Another
titanium oxide is iliminite (tcrether with iron oxide) is
common in Haowaiian soils, It is believed tc he derived from

mafic roacks.

E. Allophane

Allophanes are '"members of a series of naturally
occurring minerals which are hydrous aluminum silicates of
widely varying chemical cempesition, characterized by short
range order, by the presence $i-0-Al bonds, and by a
differential thermal analysis curve displaying a low
temperature endotherm and a high temperature exotherm with
no intermediate endotherm' (van Olphen, 1971). Allophanes
are generally amorphous t~ X-ray, soluble in excess strong
alkali, relcase OH on addition of F, exibits a hifh pH-
dependent CEC, and strongly associated with organic matter

in Andisols,

MINERALOGY OF RICE SO0IL»

Studies of rice aoils in the Asian region showed many kinds of
minerals besides the major primary and seccndary minerals (Kyuma, 1978)
These minerals include lepilocrocite, siderite, jarcsite, and vivianite
(Kyuma, 1978). Lepidecracite ( Y- Fe00H) was found deminant in most
Japanese rice sdl samples but was noti found in samples from tropical
Asia, Siderite is a ferrows carkhonate, found in permanently wet rice

soils. 1Its nodules or concretinns turn from white to brown when exposd
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to air, Jarosite gRTe3(504)2(0H67 is straw-yellow colored mottles
found in soils of brackish sediment origin and usually associated with
acid-sulfate soils. Vivianite /Fe,(P0,),.8H,0/ may be formed in
highly reducing high phospherus conditions. It could be seen as

whitisb mottles which becomes purple when exposed to the air.

MINERALOGY AND SOIL ORDERS

The deminant clay minerals of the various goils orders for
mineral soils are listed Table 1. The differences among the soil
orders will not be tackled in this paper since it is assumed that a

lengthy discussion has been provided earlier.

Table 1. Dominant clay mineral types in varicus soil orders. (Fom
M.L. Jackson, 1964 with slight modification)

ORDER - _DOMINATN CLAY MINLRALS
Inceptisnl Alleophane, mica, interstratified layer silicates
Hollisol Smectites, mica, vermicdlite, chlorite
Alfisol Illite, smectites, 2:1 tc 2:1:1 intergrades, chlorite,
kaclinite
Ultisol Kaolinite, halloysite, vermiculite, 2:1 to 2:1:1

intergrades, sesquicxides, gibbsite

Oxisol Sesquioxides, ribhsite, kaclinite, 2:1 to 2:1:1
interyrades

Aridisol Illite, vermiculite, chlorite, interstratified layer
silicates, chlorite

Entisol Highly variahle
Vertisol Smectites
Spodosol Sesquioxides, interstratified layer silicates, 2:1

to 2:i:1 intergrades, illite
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Table 2. Cation exchange capacities and surface area of soil minerals

(Adopted from Zelazny and Calhoun, 1971)

i C. E. C, ] SURFACE AREA

SOIL MINLCRALS ' M'EQ/i00g | m2/g
Kaolinite 3-15 7-30
Metahalloysite 5-10 10-45
Halloysite 10-40 10-45
Montmorillonite 80-150 600-800
Dioctahedral vermiculite 10-150 50-800
Trioctahedral vermiculite 100-200 G00-800
Muscovite 10-40 60-100
Illite 10-40 65-100
Allophane 5-350 10-800
Orides and hydroxides 2-6 100-800

Table 3. Soil orders ond prcperties related to their clay mineralopical
compesition )Adopted from Melean, 1971).
i { i '
ATRIBUTE H MOLLISOLS | ALFISCLS ! ULTISOLS H 0XISOLS
Type of clays I1lite, Mont., Chloritized Kaolinite, Hydrous crides
mont. and hydrous oxides kanlinite
1llite
Crystallinity Cryst, Cryst. Cryst. and Amorph. and
of clays amorph. cryst.
Ion exchange High cation High cation Low cation High anion
capacity low cation
Ca & Mg Rel. high Medium to low Low Very low
saturation ’ )
P fixing Low Hed., High Very high
capacity
K release High Med. Low Low
tendency
Stability of Excellent Gond to fair Fair to poor Gond to
soil structure excellent
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HYSICAL PROPERTIES OF SOILé/
EDUARDO P. PANINGBATAN, JR%/

., 8olls in their natural state ére characferized as a three-
phase system of solld, 1liquid and gas. The'soiié c;ﬁponent is
composed mainly of organlc matterv aﬁd inorganic particles
varying lIn size,‘ shape and‘ mineralogical dompositiéﬁ. For
mineral solls the inorganic component constitﬁte at least 80%
of the total mass or wéight of soiids as opposed to organic
soils, like peat and muck, which contéin more fhan 26% organic
matter. Because of infinite vaxlatloné in sizes, shapes and
orientation, the mutual arrangemeﬁt of the ‘solid particles
determines the geometry and characteristics of the spaces or
interstices formed between the particles. These spaces which
are interconnected and having enlarged portions {(caverns)
interlinked with narrower portions fnecks) are referred to as
pore spaces in which the water and gas combonents are
transmitted or retained.

The water in the soil which is commonly refefred to as
soil moisture contains dissolved substances so that it is aiso
called soil solution. Soil alir is actually a mixturelof gasses
similar to that of the atmosphere containing primarlly
nitrogen, oxygen and carbon dioxide. Due to root respiration
and organic matter decomposition soil air is richer in carbon
dioxide than atmospheric air. Since water and air are situated
in the pore spaces their respective amounts in the soil at

any given time vary inversely with the other. In a submerged

i/
Lecture delivered during the XIV International Forum on Soil
Taxonomy and Agrotechnology Transfer held at PCARRD, Los
Banos, Laguna, Philippines on June 16-28, 1986.
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paddy £leld all pore spaces are filled with water but
negligible volume of air.

Volume and Mass Relationghip of Soil Copstituents

Under natural conditions. the soll constituents stronaly
interact with each other so that it is difficult to define
physically each phase independent from the other. However, for

_ithe sgkq&@flexpressing quantitatively their proportions and

in defigiﬁg some basic soll physicallproperties, the mass and
the coresponding volume of each soil constituent can be
schematically considered independently as presented in Figure
1. The hiscogram in Figure 1. 1is divided in three sections;
the lower section represents the so0lid phase, the middle
section the 1liquid phase; and the top section the gaseous
phase. The coresponding mass of each component are on the
right-hand side; the mass of air (Ma), which is usually
considered to be zerc; the mass of water (Mw); the mass of the
solids (Ms); and the total mass, (Mt); The volumes of the
same component are indicated in the left hand side of the
histogram; namely; vthe volume of air, (Va); the volume of
water (Vw); the volume of pore spaces (Vp) In which Vp = Va +
Vw; the volume of solids (Vs); and the total volume of the
soil (Vt) in which vVt = Vp + Vs.

OnJ the basis of the diagram in figure 1, the £following
basic soil physical properties which are related to the masses
and volumes of the so0il constituents are guantitatively
defined.

(a) Soil densities. By definition densi.y is the ratio of

the mass or welght of an object to its volume. In soils there
are two types of densities deperding on which volume of the
s0il is being used in the calculation. If the total volume (Vt)

is used, the density obtained is referred to as bulk dengity

7



(Db). On the other hand 1f the volume of the solids or
particles alone i; dséd, the density is called particle density
(Dp). Using the diagiém in figure 1 these densities are
qﬁantltatlveiy defihed ég follows:
Db = Ma/Vt = Ms/(Va + Vw + Vs)
Dp = Ms/Vs
Tn most mineral sol1ls Tnhe average parcicie’ -aensivy 1is
gbout 2.65 gm/cm3. For a given soil, particle density ig a
fixed or stable property and does not vary signiflcantly on

o ”"JV'J e
soll management. It varies from soil to soil “degquip& )f"

N
thelr mineralogical composition and organic matter content.
S8oils high in iron minerals tend to have slightly higher- values
while soils with high organic matter content have lower values
of particle density.

Bulk density is affected by the structural arrangement ot
packing of soil particles. Its value ls sensitive to changes
in the volume of pore space, hence the total volume of a given
mass of soll. Lower bulk density values are assoclated with
well-aggregated soils because aggregation usually leads to an
tncrease in the volume of pore space (Vp) through an additional
number and volume of large pore spaces developed in between
soll aggregates. Because of its low density, organic matter
affects directly bulk density. The effect of organic maéter in
promoting soil aggregation contributes indirectly to 1lower
values of bulk density. ‘

Any condition that brings about alteration of the
arrangement of soil particles will cause change in the volume
of | pore space or total volume per unit mass of soil.
beterioration of so0il éggregates resulting from continuous and

improper cultivation '0f a soll leads to increase in bulk

Vf\
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density. - Cultivated and compacted solls generally have hlgher
. bulk density. than their vi:gin soi'I counterpa:t.

it is also 3;common observation that flne or clay textured
soils have loweribulk densities than coarse or sandy 8011l8.
Although less apparent when randomly arranged plnte—liké clay
particles tend to produce larger amount of pores than the
spheriodal -coarse particles. Furthermore, clay content is
'ngitively correlated with improved degree of soil aggregation.

Certain pedogenic processes also result totvariation ir

. \‘(_ Ly

bulk densities among the horizons of ‘a soll proflle. 3*The*
-movement of fine or clay particles from the A hof£;on and their
subsequent accumulation in the macro pore spaces of the B
horizon causes higher bulk density in the subsoil. Swelling

and shrinkage of some clay minerals decreases and increases,

respectively, the bulk density of a some soils depending on

Lr-t- moicture contaent

(b) Porosity (N). Porosity is the proportlonl of the
total pore space volume (Vp) to the total volume of a soil
(Vt). Expressed in percent, total porosity N is given as

N = Vp X 100
vt

It is very difficult to measure directly Vp, hence, in
‘p;actice total porosity is calculated using the data of bulk
density (Db) and particle density (Dp). The relation used |is

given as:

N

{1-Db/Dp) X 100

The above equatipn implies that since Dp |is almost
constant in solls, total porosity increases as bulk density
decreases. Bulk density is therefore often used aé an index of
total porosity changes in comparable soils. Porosity depends

both on texture and structure. Factors tending to promote

\



‘“stable soil aggregation increase total porosity. On.the other

‘hand ‘Improper and frequent cultivation may enhance faster

‘deeline of ' 8011 organic mattér and destabilizes the soil

""" aggregates which may adversely affect total porosity.

-

oyt - 8042 Molsture Content. The moisture content of the ’

soll can be expressed in various wayaJ. ‘ Thq,.mkw‘ 3

ax Pa e LRV g
indexgggare the following. . g’ TR y@i“’ Jﬁ;ﬁﬁh,éf
§s @ .

"1. Gravimetric moisture content (Om), “Phisfis the mass
off water relative to the mass of dry soll. The term "dry

ysed

soil" refers to a soil dried to eguilibrium in an oven at 105
°C, hence, the mass of "dry soil" which 'is - measured
gravimetrically is referred to as "oven dry mass" or "oven dry
weight" of the soll. The mass of water '(Mw)} is the difference
between the gravimetrically measured weight of a soil sample at
moist and oven dried molsture conditions. With reference to
‘figure 1 gravimetric molsture content is calculated as:

Ow = Mw/Ms ; gm/gm

2. Volumetric moisture content (Ov). This expansion of

water content is raepresented as:

8v = Vw/Vt H cm3/cm3

Since in most cases molsture content determ;natlgns utilized

o s"',p WL

'distuzbﬂd soil samples, the total volume oﬁ'thefsggiw

gl o ;
A%t measurable, hence, an alternative formula is used in the

WL
computation of volumetric moisture content given as
'OQ = Ow x Db/Dw

In 'sﬁch a case, |t is necessary to determined both the
gravimetric moisture content (8w) and bulk density (Db) of the
§oil. Dw 1s density of water which is usually equal to 1
gam/cm3.

3. Height or depth of water in the soil (Hw). This
"éxpzession of water content is used more often by engineers

5
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because it 18 more adaptable to the computation of wate:
‘quantities added and substracted to soil by irrigation or rain
and by evapotranspiration or drainage, respectively. The above.
water quantities are often expressed in terms of cm helght of
water.- Helght of water (liw) in the soll is calculated using
the formula:.
Hw = Ov x Ht

Where Ov is the volumetic moisture qontent and Ht is the total
height or depth of soil in question.
Soll kexture

The ‘"texture" of a material is an expression of 1its
coarseness or fineness when the material is rubbed in between
the finger. A soil maybe coarse, medium or fine in texture
depending wupon the domihant \sigex:o;;wsizgg:range.}gf the
particles. .Quantifatively, s0il texture refers to the :eiéfife
proportions of wvarious 1inorganic particles belonging to a
particle size range in a given soil. The most commonly used
three: size ranges of soil separates are the ‘sand, silt and
clay. Two classification scheme of grouping soil particle
sizes are the International Soil Science Soclety (I.S.S5.8.) and
the United States Department .of. Agriculture (U.S.D.A.)
classifications. Table 1 presents the detalls of these
schemes.

Table 1. Particle classes and their size ranges.

Separates Diameter (mm)
U.S.D,A. International
Sand 2 -0.05 2 -0.02°
Very coarse sand 2 -1.0 -
Coarse sand 1 -0.5 2,0-0.2
Medium sand ' 0.5-0.25 : . 2,0-0.2
Fine sand 0.25-0.10 "0.2-0.02
Very f£ine sand : 0.10-0.05 -
8ilt 0.05-0.002 0.02-0.002
Clay : <0.002 <0.002



http:0.10-0.05
http:6.2-0.02
http:0.25-0.10
http:0.5-0.25

Sand, the soil separate with largest particle size range,
possesses very low specific surface (éﬁtféde area per unit
quantity), hence, have negligible influence on the fertility,

chemical reactivity and water retentlon ability .of soils.
Terigin

However, this separate propvides 1large pore: spaéééf"ytyq;“;

facilitates movement of air ahd waéer.

Clay separates, due to smallness in size and blate—like
shape, has tremendous amount of specific surface area. As a
result this separate imparts significant ‘-1nfiuen:c in
controlling properties and behavior of soils. Clay retains
high amount of water and plant nutrients in its surfaces which
can later be realeased and taken up by plant. Placticity and
stickness of a moist soil is also dependent dpon the amount
and kind of clay present.

| The silt pértlcles have properties in between the two
extremes of size.

Soils contain varyiné proportions of the three soil
separates. Depending upon the relative proportion of sand,
silt and clay content, solls axé classified into textural
classes. claSsifying soils according ‘to texéhfai élasseé
requires the wused of standard techniqﬁe of sieVing and ‘of
sedimentation of 'mechanically and chemically disperéed soil
samples. The relatiQe amount of the three separates expressed
in % sand, % silt and % clay of a soil sample are referred to
a textural triangle presented in figure 2 where the textural
class is identified. The triangle identifles twelve texturél
classes which can, for convenience still be classified into

broader classes.



(a) Clay group or fine-texture soil
1. Clay
2. 8ilty Clay
3. Sandy'Clay
(b) Loam group
Moderately fine-textured soil - N
1. Clay loam ’ i
- 2. 8ilty Clay loam
3. 8andy Clay loam
Moderately coarse-textured soll
1. SiIt Loam
2. Loam
"3. 8andy Loam
(c) Silt

(d) Sand group or coarse-textured soil

1. Loamy sand
2, Sand

In general, fine-textured soils are more fertile than
coarse-textured ones because of their ability to hola and
supply plant nutrients. Because of the dominant micro pore
slges, the water holding capacity of fine-textured are greater
than the coarse-textured soil. But soils with high clay
content bhecomes very hard when dry and very sticky when wetf
Tillage therefore would be difficult to perform \at certain
moisture contents. When tillage operations are aone on .é
fine-textured soil at drier moisture contents "heavy effort" is
needed. On the other hand, at higher moisture content the)
become sticky and plastic.

Loam 15 a soil that exhibits the inherent properties and
characteriétics of the three separates (sand, silt and clay)
in almost equal proportion. It is mellow with some gritty
feel, féizly smooth and only slightly plastic and siightly
sticky when molst. It Is moderately well-aerated neither
easy nor difficult to till and is preferred for upland crops

agriculture.



Sands or coarse textured soils are the exact opposite of

tia clays in characteristics; being droughty, 1less fertile,

Sl LURUYE - : . . .. -
well ;erated, non-plastic, non-sticky and easy to cultivate.

e L
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In their natural occurrence, the solid particles
particularly those 1in the fine to moderately-fine textured
soils exist not as 1individual units but as clusters of
particles held together by binding or cementing agents (humus,
oxides of 1iron and alum‘num, and colloidal clays). These
clusters of individual particles are called peds or aggregates
which, égﬁ}ln turn held together by weaker binding forces to
form the soil mass. The pattern of SPatial arrangement of
individual soil partlicles into aggregates and the éggregates
into the soil mass is referred to as soil structure.

In field examination, qualitative description of soil
structure includes the grade or relative durability of the

peds, the class or size of the peds and the type or shape and

ariangement of peds. The folowing schemes are used to
describe this feature
(a) Grade
0. 8tructureless - no observable aggregation
l. Weak - poorly formed, non-durable indistinct peds
breaking into a mixture of a few entire and many
broken peds and much unaggregated muterials.
2. Moderate - well formed, non distinct in
undisturbed soil, that breaks into many entire

and some broken peds but 1little wunaggregated
materials.

o
&
W
.

Strong - durable, distinct peds, weakly attached
to each other that breaks almost completely into
entire peds.



(b) Class (dize of peds}

o te
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3. Pine o thin i-2 - 10~20 §-10° 1-2
3. Meflum 2-5 26~50 i'o-2o 2-8
&. Coarse or L o ‘

thick 5~10 50100 20-50 5-10
8. Very coarse ) L ‘

or vary thick >10 100 ¥50 . R | I
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{(c) Type (shdpe and arrangement}

1. Platy - limited vertical axis, arranged around 2
hoxizontal plane.

2. Prigmatic - horlzontal axis shorter than - vertical,
arrange around a vertical line, well deflined vertical
faces and angular vertices.

3. Columnar - like prismatic except that vertice witl
rounded caps.

4. Blogky - blocklike having plane or curved surfacee
accommodated to the faces of surrounding peds.

i. Apgqular blocky - faces flattened, vertices
sharply angular.

~ii. Syhangular blocky - mixed rounded flattenec
faces, many rounded vertices.

5. S8Spheroidal - spherolds or polyhedrons with plane oz
curved surfaces, slight or no accommodation to the
faces of surrounding peds.

1. Grapular - relatively non-porous peds
ii. Crumb - porous peds

8011 structure is usually evaluated quantitatively usinc
a number of indices. Some of these are bulk density,

porosity, pore-size distribution and soil aqqregation. - The

degree of soll aggregation which includes stabillity and size
distribution of aggregate c&r ve evaluated by subjectine

aggregated soil sample to slaking action of water.
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Since the above indices directly or indirectly measure
"“the ' characteristic of the poré space, and thé arrangement,
“‘size “and’ position of the individual solid particle and the
;.6édb;f€611 structure influences various processes affecting the
“Hovement &nd retention of water and air in the soil 'such as
‘inflitration, porcolation, capillary rise, and aeration. It
influences mechanical impedance to root growth. Also, it
" serves as an' important basis in differentiating soll bodies.
So{1 Consiatency

8011 consistency signifies the manner in which the forces
of cohesion and adhesion acting within the soil are manifested
at various molsture contents. Thus a cohesive soll, e.q.
'Eine-textured s0il, when dry'ls hard and behaves like a solid
when moist 1is friable and behaves like a semi-solid tha
crumbles into peds, when wet is plastic and sticky, and whe
satur-ted is viscous and behaves like a liquid.

Céhesion forces blay an important role in the consistency
‘transformition of a wetting previously dry so0il as presented
'in  Figure 3. In Fig. '3 the cohesion within ' the aggregate
(intra-aggregate) and between aghregates (inter-aggregates) ls
'recbénlzed' which influences the consistency of the soil- mass.
ihtza-aggiegate cohesion 1is maximum at the very low moisture
contents due to attraction forces between primary particles
thch are fully developed bécause of minimum separation between
them. As more water is imbibed in between the plate-like solid
particles cohesion decreases, individual aggregate becomes soft
or even swells depending upon the nature of clay and amount of
‘binding agents. |

Interaggregate cohesion " shows a different pattern with
'increasing molsture content. ' At very low moisture content
“'total ‘cohesion between the aggregate is very low due to' very

11



little contact between gqqtegates. With,inc:eqngqv moisture

content the aggregates swell causing confrontlng suzfaces to

't

‘move -byoser together and water. surzounqin#”
. - l“‘,. \‘1 te v) ’ . '

provides pulling force, so that this kind of: $ L

R LI

increases wlth increasing water content'zqachlng' a maximum
vajue at sticky pojint where soll mass adheres to the surfaces
of other bodies such as plow, disc and other implements. With
more water, the water films coalesce and the pulllng force
dissipates, while the aggregate are pushed fafther apart thus
cohesion decreases with further increase lq water content.
There are methods employed to follow soil cqnsistenciea.
The Atterberg limits, namely, 1liquid limit, plastic limit and
shrinkage limits have gained acceptance among soll englneers in
describing the physical state of the system. The limits are
defined by the water contents required to produce spe;ified
degrees of conslistency that are measured in the laborgtozy.

Ligg__ limit (LL) approximates the minimum moisture

vundergo

el '; AAQ %k
liquid flow when subjected to some fcrm of stf. i3 A

WA oeat

content greater than LL the soll becomes viscous and acts llike

conteht at which the soil may exhibit a teng

pb\

a 1liquiad. Plastic 1limit (PL) estimates the minimum molsture
content at which a s0il may undergo deformation without
rupture, so that at moisture contents between LL and PL the
soil behaves 1like a plastic. It is within this range of
moisture contents that the s0il possesses highest degree of
stickiness, plasticity and compactness. lThe difference between
the molsture contents at LL and PL is known as plastic number
or lndex. Plastic number as well as the other Atterberg limits
depends on the amount and mineralogy of the clay, aud the

organic matter content of the soil, Thus, with known clay and

12



organic matters contents plastic number sometimes s used :to .-

néﬁggafthéﬂmiﬁéialdgy‘oftehé gqii.y
For a shrinking system, as iﬁ the'éaseg of many clay
5 §6115,1;dtying 'or'remoﬁa}‘oflwatéwiill cduse a reduction in
soll volume. As water is continously removed from the soil,
,}éﬁéntgally a point is reaChgd Wrere further shrinkage stops.
At this point of molsture content,’ thé soll ié sald to have
reached the shrinkage limit (SL).

l As also shown in figure 3, tillagé operations are best
aohe at moisture contents between SL and PL when the soil is
friable. Minimal energy is required to prepare the land for
seédbed. Below this range the soil is hard and will require

ivéry high amount of energy or work to pulverize the soil. At
maistﬁré'content above this range or between PL and LL the soll
15‘ pléstic, soil structure is easily destroyed} the:soll |is
eésily compacted and easlly sticks to the plow or other - farm
impliment. Above the LL, the soil is easlly puddled with
maximum destruction of soll structure.

Consistence when moist 1is normally used in field
déécription of this property. At this moisture condition most
soli ‘materials show a form of consistencies characterized by
(a) tending to break into smaller masses rather than to powder,
(b) some deformation to ruptufe, (c) absence of brittleness,
(d) ability of the materials to cohere agailn when passed
together. To evaluate consistency, a molst soil mass is taken
with the hand and the following may be descriptive:

0 - Loose: Noncoherent

1l ~ Very friable: soil material crushes under very gentle
_pressure but coheres when pressed together.

2 - Friable: soll material crushes easlily under gentle to

moderate pressure between thumnb an@ forefinger, and
~_coheres when pressed together.

13
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3 - Firm: Sollimater!als crushes under moderate pressure
between thumb and forefinger 'best reslistance 1is
noticeable.
4 - Very . firm: . Soll material crushes under strong
pressure: - barely crushable between thumb and
forefinger.
"”5%5..Ext;emely flrm: Soil material crushes wunder véry
strong pressure, cannot be crushed betweéniithumb and
forefinger and must be broken apart bit by bit.
Consistence when wet is described accqrding to the degree
of plasticity and stickiness. Plasticity is the ability to
change shape continuously under the influence of an applied
stress and to retain the impressed shape on remvval of the
stress. Stjickness 1isg the guality of adhesion to other object
or material. The consistence of soil material when drxy |Iis
characterized by rigidaity, brittleness, maximum resistence to
pressure, more or less tendency to crush to a powder or to
fragments with rather sharp edges, and inability of crushed
material to cohere again when pressed togetherx.
Soil Color

Soil coloxr 1is a physical characteristic that is most
obvious when one performs morphological description. It 1is
useful in so0il identification speclally when combined with
other soil properties. There are distinct ranges of soll color
that can be associated with the dominance of a particular soil
material or chemical changes that has taken place in the soil.
For example, generally, dark-colored soils are relatively
higher in organic matter than light-colored soils, although the
dark-color may be due to the presence of high amount of
compounds of manganese and iron. Red color 1is generally
related to unhydrated iron oxides and usually indicate good
drainage and good aeration. Dark gray with yellowish red
moctles is typical of the plow layer of paddy fields indicating

poor dralinage and chemical reduction.

14



Soil colors are conveniently noted using a color chart
with Munsell notations arranged to provide the hue, value, and
the chroma. The hue refers to the dominant wavelength of the
light or spectral color,. Value refers to the relative
lightness of color and is a function of the total amount of
light while chroma is the relative purity or strength of the
spaectral color and increases with decreasing grayness.

In the Munsell color chart the symbol for hue refers to
the color of the rainbow such as R for red, YR for yellow red,
and ¥ for yellow where each letter designation is preceded by
numbers from 0 to 10. As the number increases, the hue becomes
more yellow and less red under each letter designation. Value
consists of numbers 0 for absolute black to 10 for absolute
white whereas chroma consists of 0 for neutral grays and
increases to about 20. For instance, a soil sample placed
under 5YR and matched at 5/6 is described as yellowish

red (5 YR 5/6).
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" S0IL' FERTILITY AND MANAGEMENT IMPLICATIONS
OF SOIL T\XoNoMyl

A 3N
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IBSNAT, c/o Department of Agronomy and Science .
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SUMMARY S ST

The aotential of Soil Taxonomy as a powerful tool for predicting
and locating appropriate crop:environments is just starting to bg‘
recognized. The apparent advantages of using this systens in asgessing
soil fertflity and management requirement of crcpe 1s that it minimumizes
the conduct of sité-specific trials and facilitates transfer of experience
acquired from similar «oills of different location once they are claseified
according to this sytem, As a medium of communication among soil
ruaearéhers and soil scientisgs, Soil Taxoﬁoﬁy offers the rupid‘uharing
of technology‘und the resulting transfer of this technélogy.to vwhere it

1s most needed,

INTRODUCTION .-

Conventional methods of assessing soil fertility by means of
soil tests and a series of site-specific field trials place a heavy |
demand on time and resources. Fertilizer recomendations for specif#cA
crops can be made with confidence only after these trials are repeated
over several seasons and locations. Informstion from these triale then
becomes the basis for extrapolating crop performance to other areas.
Therc has been no systématic way of transf&x:fng 6t 311 fertility and
management information to new arecas except on the basis of local
experience gained from the above methods. This méy exﬁlain vhy failufes
of agrotechnology transfer have become a ccrmon occurrence when foreiﬁn'
experts are hired tc make recommendations for other countries consulting

local experts.

1/

='Presented at the XIV International Forun on Soil Takonomy and
Agrotechnology Transfer, larch 3320, 1986, Philippines.



‘t . Soil ' fertility and .....2

£y

It is now possible to make peneralizations about the soil fertility

oo

and management requircments for a given, crop on the bLasis bf‘séil
classifcation using Soil Taxonomy (Soil Survey Staff.‘i975).‘ Thé ”“”
Benchmark Soils Project (in Press) hns demonstrated that scil-based
agrotechnology can be transferred on the basis cf similar solls.

This hypothesis was tested by the project through a series of soil
fertllity experiments in five countries and 24 experimental sites
rebfesehting‘a network of three soil families., The tests have shown
that similar crop performance can be predicted if the soils belonged
to the same soil family as defined i Soil Tavonomy. The soil family

category was used to group similar soils.

Thic concept of transferring agrotechnology on the basis of
similar soils could revolutionize the making of generalizations about
the technology requirecments of soils. It woild also make the trausfer
procaas a rational and scientific effort. This means that a newcomer
to an area can make generalizations and recommendations with very
high proﬁability of success in matching the crop to the soil
environment without relying so much on local experience. This would
mear. that site-specific trials can be minimized or totally eliminated
as long as similar experience has been obtained elsewhere on similar

goils,

This paper will fllustrate hos Soil Taxonoamy can be used as
a tool to systematize existing methods of assessing or mbking
predictions on the soil fertility and management requirements of

certnin crops.

EXTRACTING SOIL INFORMATION FROM TAXONOMIC NAMES

Soil Taxonomy as a classification system was devised to meet
the purposes of soil survey. Soil surveys are conducted to make an
inventory of soll resources for th: sole purpose of making
generalization or predictions about‘thc agricultural and engincering
uses of these resources. Soils thus clacsified are shown on a soils

map which can be produced in various scales depending on the intended use.

Ve

\$»
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The power of Soil Taxonomy as a utilitarian method for classfying
soils lies in its nomenclature system. Numes given co soils convey
meanings that are raelated to soil propertics. These names are
grouped into 8ix hierarchial categorien, the highest category being
the order, then folléwéd by suborder, great group, éubgroup. the soil
family and the soil series categérieé; A syllable or group of letters
or words from the name of the higher category is nlﬁuys carried down
through the lower categories until the soil family, (The soil series
name is not derived from the nomenclature systen and cenveys no
meaning in relation to soil properties.) In essence, this cyetenm
enables & person to identify or remember which category that a soil
name belongs to along with thosec properties which are associated with
that name in a particular category. Information which can be extracted
from a soil name increases as one goes Jdown from the higher to the lower
categorles. Yor example, a greater amount of information is provided
at the soil fomily category than at the sutgroup level, This is
f1lustrated in the following examples which were the soil families

18ed by the Benchmark Soils Project:

1. Soil family names: thixotropic, isothermic, Hydric
Dystrandepts

Interpretations:

Thixotropy 1s a property of gels and in soil this
name ugually applies to gel~like amorphous materials. This
ﬁcans that a soil in order to bLe thixotropic must have
abundant amorphous materials. Soils with such property

-are usually deficient in phosphoruc and large applications
are required to satisfy the phosphorus~fixing capacity of

these soils,

Isothermic describes a soil temperature range of
15-22 degrees Celoius measured at 50-cm depth, The iso
syllables indicate that the mean annual summer temperatu
does not vary by more than § deprees Celcius from the me

annual winter teuperature,
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meaning. uater Hydric there!ore, as uaed in Soil Taxonomy

v . L o

means a condition of water abundancu. The soil may be
interpreted aa being subject to high rainfall throughout
‘most of the years. If irrigatiou were requirud it woulu

only be supplemental.

Dystrandept- can be ' separated into'3 groups of ,syllables.

Dystr comes from the word dystrophic meahing infertile.
'Fégg 45 a namz derived from Ando, which connotes volcanic
ash -soils. The last group of lettérs, epts is from the
s0il order name, inceptisnls., Incepticols are soils that
- are just beginning (from inceptum) to show horizon
differentiation. Andept 15 a suborder neme. Soils under
this category mist have a bulk density of € .85 g/cc.

These are light soils with very'good physical properties.
"§ince they are thixotropic' they ae difficult to cormpect &nd
could dry irreversibly into small aggregated partieles.

The internal drainage is good and very suitable for mininum
| tillage~type of farming. Bging a Dystrandept it is almost
devoid of most macfnnutrients. This first example of a
soil name can be interpreted as a young séil derived from
?plcanic aab with high P—fixing capacity. Crops that can
tglqrate the cold temperature repime shoﬁld do Qery well in

thgse soils such as the leafy brassicas.

All the above information are condensed in the soil

name consisting of only four words! A second exmmple follows

Soil family names: clayey, kaolinitic, isohyperﬁhermic,
R e Typic Paleudults

Interpretations: -

This i3 & soil with nore than 35% clay, kaolinitic
"miniralogy, and a soil temperaturc regime greater than

22 degree Culsius. It 1s a typical representative of the
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great group, Paleudult. It is also an Ultisols (ult from
ultimus;.méaning lnét); with a wet (froﬁ the Lotin udus,

“humdd) moisture regime, and relatively old (Pale is from

the Greck word paleos, old). Being on old soil implies it -

has <;102'weatheruble minefals in its subsoil which are
‘tﬁe'pfimary soufée of goil nutrients (basces). This also
mééns ﬁhaﬁ tﬁis soll 1is teibtivély infertile because of.
this laékxof nutrient source. By definitioﬁ, Ultigols have
reached thc ultimate in the weathering process ~ h;ghly
leached in bascs and as a consequence, have very lpw

base saturation and very high exchangeable aluminum which
makes these soils very acid. These arc common soils in the
humid tropics such as those found in Sumatra, Indonesiq.
The application of lime 1s onc of the neaeded practices to
enhance the productlon of most annual food crops. Under
conditions of limited fertilizer resources ;he cropping
systein that has evolved in these soils is the planting of
perennial crops with very deo root systems that can forage
for nutrients over large soil volumes. Most of the tree
crops belong to this cropping system along with some

percnnial vines and shrubs.

SOIL FERTILITY AND MANAGEMENT INDICATORS IN SCIL TAXONOMY

Soll Taxonomy, as a quantitative system of soil classificat:
is based on the physical, chemical, and mineralogical properties o
soils. Long-term weather dJata are also used to evaluate the
tempefature and moisture regimes of goil families. The measured
properties arec used to place the particular soil in a given catego
or tc%cn. The followlng discussions shall illustrate some of thes¢

indicators.

EXTRACTABLE BASES
Potassium, calciun, and magnesium are the extractable bases
that are of importance to plant jrowth., These chenical elements are

measured 4n addition to sodium to determine base saturation, which is

e
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percentage o£ the,catiqn gxchange‘capncity. Base saturation 1is used
to separate and deeignatevcertqin diagnostic horizons which place
certain soils in their various orders. It is also uséd to separate
soils under the same suborder in their great group category. In
general, soils with high base enturc.lt:ion ( 750% have high native
fertility such as the Mollisols and Alfisols. Those with low base

saturation (Oxisols, Ultiscls, Spodosols) have low native fertility.

EXTRACTABLE ALUMINDNM

As weathering progresses more and more of the extractable
bases are leached and a higher concentration of soluble aluminum
results., In tropical soils that are highly leached in bases such as
the Oxisols aud Ultisols, it 1is the extractable aluminum that poscs
concern amony crop scientists because of its toxic effect on planis and
resulting immobilization of phosphorus. Since the pH of these soils
is also low, other clements like iron and mangsnese also become
abundant sonetimes at toxic levels., Toxicity of these clenents has
been found in certain crops but the problems they pose to crop
production arc not as critical asaluminum, Liming rates arc not
based on conventional pH curves since these acid tropical soils, with
their high buffering capacity would rcquire tremendous amounts of lime
to register any significant change in pH., Rather, the percent
extractable aluninum saturation (D 30% of effective cation exchange
capacity: BSP, 1902) 1is a bettur index of liming than pH, per se.
Generally, for most crops a factor of 1.5 to 2 times the extractable
aluminum provides the amount of lime that is sufficient to neutralize
the extractable aluminum and alsc provides sufficient calcium for crop
nutrition, irrcspective of the piHl., The Benchmark Solls Project (1978)
has confirmed this fact and found that even soils with low pH (5-5.5)
do not respond to liming 2s long as the extractable calcium in the
soil is high and the extractable aluminum is low. In Soil Taxonomy,
KCl-extractable akuminum 1s an 1izportant paremeter in identifying certain

subgroups in most of the soil ordors.



Soil fertility and...?

HORIZONS OF MINERAL OR CHEHICAL CONCENfRATION

Sona soil family nane designntions or descriptions indicate
horizonslin which certain soil minerals or chemicals are concentrated
such as grooum. carbonates. sulfur, iron. 30uium, oxidea, etc. One.
thercfore, can easily identify certrin aoll attributcs or constroiuts

vhich can be uvoided or selected for crop production pnrposes.

'

OTHER INDICATORS i o SN

Soil moisture, soil temperature, nineralogy, particle-size ,
distribution and physical features such as hardpans or hardened
materials are.the other'importnnt indicators vhich can be extrdctec

from the soil nane,

*. Soil.moisture conditicos shich are dominant in a particular

soil are generally incorporatad in the suborder category. Aridisol, is
en exception a goil order of thc arid environmcnt. Particle-size

distribution nincralogy. and soil tenperuture arc used as dcscriptive

words or phroscs in the soil family nan;.

Dominant physical features such as .duripans, plinthite,
fragipans, and pyroclastic materinls are usually incorporated in the
great group category, e.g., Durixeralfs, Plinthaquepts, Fragihumods,
Vitrandepts, etc. They are sometimes found .as descriptive words in

the subgroup name, e.g. Duric Eutrandepts or Plintic Tropaquepts.

Some'technical backgroundznd knonledge about soils and crops
are required to extract information from taxonomic names. This is
especially true with implicit infornation,.-A person, however, neced
not be & specialist in Soil Taionomy'to moke these'interpretntions.
Soll fertility and management specialists should ‘be able to'uoe:the
system as a tool~for.planning crop production strategles which can

i
later be communicated to planners and policy makers,

A nuggented method for lenrning to interpret ‘aoil ‘taxoncuic

nxnel ie- to start at ‘the order level “and asaociate these cames with

re

NV
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their dominant features orlhurke in the enviroeeent in which

they were classified (See Table 1) Next, learn the nomenclature
aystem und start addinb formative elements to the order'neme which
can be associated to soil proeertiea (Sce Tnble 2). And then proceee
down to the lower categories until the family category where the
description bc;omes more explicit. The task 1s not to classify soils

(that's the jol of the soil taxonomist) but to Le able to make

interpretations from taxonomic names.

The system is easy to learn 1f the desired interpretations are
i8sociated with specific uses. This is reinforced by knowing the
:rop requirements for certain crops and matching these requircments

1ith the soil environment which can be extracted from the soil name,

Yor example, for optimum growth of many tropical.legumineus trees,
the following are required: a warm environment, soils with adequate |
calcium for proper nutrition, and nonlimiting water supply throughout
most of their entire growth. Using Soil Taxonomy, one can pick out soils
having an isohyperthermic temperature regime (7> 22 degrees Celsius),

a udic or humid moisture environment and a high base saturatiou. There
are two solls in the soll order category that have high base saturation,
the Mollisols and Alfisols., In the Mollisols, the Udolls have a udic
moilsture regime; in the Alfisols, the Udalfs should provide the same
moistute conditions, Soil families with isophyperthermic temperature
reglme should complete the neceseary requirements of these trees.

Table 1. Categories in Soil Taxonomy and their dowinant features
(Cagauan, Tsuji, and Ikawa. 1962)

. L T
SOIL CavEGoRy | NUMBER OF DOMINANT FEATURES
H TAXA H < )
Order . 10 Presence or abgence of different kinds cf soil
' i ‘horizons, whidi are related to sc fl-forming
processes.
Suborder 45 Presence or absence of properties, such as thos
associated with noisture, parent material, or
) o o vegetation.
Great group . 187 Similarity of horizonn, base status, soil

climatic parameters,’ andiptesence or absence
of different kinds of soil layers or pans

—__\tb
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Talle 1 (Continuation) ' 2'1':' . 4--,5

. ey i T n ,
/SOTL GATEGORY .| TUMBER OF o - DOMINANT FEASTURES
¥ . 3 . - : [
. Subgraup . . 9§0?f” "’ Differentiation according to a central concept or
' - gradation to other great groups, suborders, and
. orders, ‘
Family . 5,603 _ Information on the particle size (textural) class,

mineralogy, soill temperature clasa, and other
properties such as soll depth and consistency.

Sexics 12,002 Information on the kind and arrangement of horizans
' ‘ (U.S. only) with morphological, chemical, and mineralogical
. . properties,

Table 2. Ixamples of taxonomic nomenclature that are related to soil fertility
.-ond management .

y -

FORMATICE; ' : SOIL . iNTERPRETATION OR IEANING
ELEMENT ! DERIVATION H SOIL NAME } CATEGORY ! OF SOIL NAME

Aqu Aqﬁic, wet Aqualf - Suborder Wet Alfisol

Dystr Dystrophic Dystrandept Sulorder . . Low base saturation inceptisol
fertile ' derived from volcanic ash

Ert " Latin verto, - Vertisol Order Soils that ghrink on drying and
to turn swell on wetting

Eutr Eutrophic, Eutrustox Great Dry 'oxisol with high bhase
fertile Group saturation

Hum Humus Humult Suborder Humus-rich Ultisols

Pale Greck paleos, Palchumult Great Highly-leached humus-rich Ultisols
old ATOUp '

Psamm Greek psam- Psamment Suborder Sandy Entisols

» nos, sand

ud Latin udus,  Udult Suborder Humid Ultisols

humid

Reaults from the Benchmnrk Soils Project experiments on five
specles of thase trees confirm these requirements, Gro&th measurenents
one.fear after élanting showed that all five species planted in theletic
Tropudalf (ﬁavao, Philiépines) régistered the best growth whén compared
to the same tree species grown in three other soil families. Tﬁese

measurenents are summarized in Table 3.

It is quite apparent that the Typic Tropudalf meets all the
above crop requirements. The Tropeptic Eustrustox site' (Waipio, Hawail),
alchpugh it has a high base saturation and warm teperature regime, lacked
the necessary humid condigion for fqvorﬁblé tree growth. The Hydric

Dystrandept nite (Niulii, Hawaii) has a cool temperature regime which

limited tree growth although calciun and base saturation appeared
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Table 3. Growth Performance of Five Tropical Leguminous Trees (Benchmark Soils .
Project, In Press) e :

17 TE= ] MOIS~ . ; SURVACE PERTILITY |} AVERAGE TREE HRICHT AT ONE YEAR, METERS

SOIL

I}
FATLy (PERATURE § TURE ~ 7 Ca { oo |LEUCAENA |LEUCAENA y SESBANIA|CALLIANDEY ACAGIA
i RECIME | REGIME !m.e./100g! 7°* { LEUCOCER{ DIVERSI-} GRANDI-! CALOTH- ! AURICULI-
v o Voo v HALY ') POLIA | PLORA ! YRSUS | FORMIS
1 AL | Lt 1 1 1 ! !
A > 22°c Udic 9.34 82 7.3 7.9 6.0 4.u 4.8
B > 22% Udic .  2.28 . 2 2.9 3.1 2.0 2.3 2.5
¢ 15-22°C - Udie 15 . 7.93 2.0 3.1 1.5 2.3 1.0
D > 22°C Ustdc 6.52" 66 . 4,5 4.9 3.1 2.1 2.1
1A - very fine, halloysitic, isohyperthermic, Ultiq_Tropudnlfs (Dayuo, Philippines)
B - clayey, kaolinitic, isohyperthermic, Typic Paleudults (Nakau, Indonesis)
€ =~ thixotropic, isc:chermic, Hydric Dystrandepts (Niulii, Hawaii)
C -~ clayey, kaolinitic, isohyperthermic, Tropeptic Eutrustox (Wainio. Hawaii)

ndequate; The Typic Paleudult site (lakau, Indonesiﬁ) hag the lowést
calciun ‘content which might have limited tree growth also, although the
other crop requircments have been sufficiently met, The above cxarmple
illustratesithg inportance of matching crop requirements to ;he

environment,

'SOIL-BASED AGROTECHNOLOGY TRANSFER

The ability to interpret soil names for specific uses leads 93 to
moyt significant contribution of Soil Taxonomy the transfer of knowlcdge
or experience on the basis of soil classificaticn. The Benchﬁnrk Soils
Project (197G, 1979, 1982), a research project of the United States
Agency for Intcrnatiénal Development, inplemented by the Universities
of Hawail and Pucrto Rice, was the first research endeavor which tested
the value of soil classification as a neans to transfer soil-based
agrotechnology. A complete description of‘this project was prescnted
earlier in this‘workshop (Cagauan, 1984a, i984b). The findings from
this project will have far-reaching effect on thé use of Soil Taxonony
as a tool to make predicticns about crop performance and the associated

requirements to achieve that performance.

As stated earlier in the above examples, the soil fbmily names
contain most of the information required to determine the suitability
of a given location for crop production. It is, therefore, desirable

that soils be classified to the soil famiiy category. This does not %:)/'
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mean, however, that an assessment éf':répiberformnnce cannot be made

without claesifying soils in their family category. Higher catepories
contain informatia; .which can nlao be used for such purpose although,

as etated earliet, other information are. lackina such as particle-aize

¢istribution, mineralogy, end termerature regimc.

~Hhen‘;clenti$tsiof researchers of different nntiona talk about
transfer of:égrotechnology. Soil Taxonomyucnu‘prévidﬁ'the common
mediuu of coumunication in which to identify ctop performance under
a given set of. environments. Having a coamon. medium of- communication
can accelerate the tranafer of agrotechnology by the rapid sharing of

kaowledge and experience about soils,

Soil Taxonomy can also provide the basis fqr,so;ving common
soils problems through the establishment of benchqark sites that are
classifiéd according to this system. A network of these benchmark
sites should.allow the grouping of arcas with similar soils, crops,
and probiems. VReséarchers working in concert thfough such a nétwqu
should be ablo to find solutions to agronomic problems much more |
thoroughly and effciently than working in {solation from one another.
Evnntunllf, cfop simlation models may sd developed to deal wi;h.
specific soil constraints which can predicf crop performance under
any conditidns without‘rcsorting to site-specific field experimeutation.
This is one of the goals of another AID prefect ca}led the International

Benchmark Sites Network for Aprotechnology Tramsfer (IBSNAT).
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AGRONOIY OF COCONUTSL/

SEVERINO . MACAT

lianager, Agsiculturzl Research Management Department
Philippine Coconut Authority

Diliman. Quezon City
1. TINTRODUCTION
The coconut is grown for a variety of uses but it is its
fruit or uut vwhich has the highest economic value. The lauric

(CIZ) acid~rich odl is extracted from the dried rweat (copra).

In the American, European and Japanese uarkets, coconut oil,
like palm oil, palw kernel oil and soya 0il, serves as a raw mater!
for the wanuficture of margarine and other fuod fats (Das, 1985),
The coconut and its oil will continue to be important to economies
of the producing countries like the Fhilippines, Indonesia, Indim
and Sri Lauka. The developrient of hiph viclding coconut hybrids
has considerably increased tie ylelds and roliability of coconut
palms, and certeinly this crop holds great promise both £s a foud
crop aal powerful cnergy supplier in the tropies. As a rav material
for th: manufacture of goaps and detergents, cc.conut would continue

to be an important sourc..

The Fhilippines is the world's largest producer and exporter
of coconuts. Coconut is grown i 58 out of the 74 provinces of the
country and is a major crop in 35 of these. lioreover, 1/3 of the
total. population (54 m!lliony) depand directly or indirectly frouw th

coconut industry for their liveliliood,

Generally, the coconut producing countrics are located in the
zone between 20°N and 20°S latitudes, and arecs with o uniforn
rainfall distribution and lou typhoon frequancy or occurrence (0~10%
producing high yizlds, Spueifically, the yield of the coconut crop i
the resultant of the interaction of several factors: variety, soil,

climate, poct nud diocasws O0U LULLurel comagement neactices.,

leaper presented at the XIV International Torum on 5011 T«emOnOTY and
Agrotechnology transfer for the ASEAN region, March 3-20, 1966, held
in the Philippines,
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Tﬁis papér deals mainly on.the crop nﬁd'soil wanagement of
the coconut. In addition, fertilizer applicstion is discussad to
a great extent as fertilizer has been raocognized to be a single
importent agricultural input that could bring irgediate increasc

1a vield.

‘CROP ESTABLISHHENT

| Defore starting a coconﬁt farm/piantation, special attention
should be taken to sec that the climatic and soil conditions in the
area .arc suitable for g;owing the crop. Suitable areas are those
with: adequate rainfall (soil moilsture throughout the
year; elevation not higher than 600 nm (above sea level); well~
drained externally and internally, deep soil (X $5 cw): adequate
leveals of nutrieants.

2.1 Land.Preparation

Techniques of preparing the loud depends much on the

topography of the land and 1ts natural vegetation., On slopes
tr in places where erosion is great; it 1n advisable to sow a
-covercrop at the time of planting or cven beforchand 1f possible,
Construction of terraces follouing the contour lines is a very

_ tedious task but will prove valuable in the long run,

Lare soil that has been under other crops nceds no special
'preparation in advance of coconut fisld-planting. For savannah
or Ecreét arens, the work is done nanually by chopping down treee
and bushes and hocing the grarses. However, mechanization ia a
necassity vhen rhizomatous grasscs like cogon (!EREEEEE
cylindrica) covers the ground entirely. Removal of grasses
must be nursued to the ond or 1t will rapidly re-growv particularly

in areas witli good rainfall distribution.

In a moderately thick vegetation, tilling and pilingthe woods
into heaps go on sinpultancously, After a fow wecks of drying out,
woods are burned. Then mechanical preparation is employed,; care

should be taken not to invert or bury the hunus-bearing top soil, \¥ \
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as this would scriously distrurb the blological equilibrium,

Density and System of Planting

HMany old coconut farms in thie Philippines belong to
'small family properties, in which owmers often plant at randow
vithout nuch rcgard to regular specing. It is very coumon to
see wixed plantings of coconut and other crops. The tendency
towards over planting ds due to the facf fhut valuation of land,
capecially.in Southern Luzon; is bzded'on thé number of trees

planted in 2 given area rather than on yield per unit area.

in deeiding the proper spaciug, some important factors
have to be.considered, One is that adequate room should be
proviied for proper development of the roots. It is reasonable
to conzider that depending upon the soil, climatic conditlons,
ard woraoty, there exdsts a definite number or plants par hectare
whi s will givé maxdmun ylelds, If the stand falls short of
the optisaunm, nroduction is dizminished because full advantages
was not taken of the available arca:  On the other hand, if the
stand 1is excessgive, the yield vill also be diriinished owing to ovel
‘ercwddngl, and consequent intense conmpetition between palus for
plant food, moisture and sunlight. Under this condition, the
tendency of the palm is to grow tall and lany in their struggle
' for sun;ight resulting in considerable loss of energy in

producing long trunks at the cxpense of yield.

Tour systems of planting: square, triangular, rcctangular
"‘and quincunx are followad, but the first two are the most common.
In the grquare system, the palms are set at fixed equal distances
“uat =he corners of cach square, the distsnce between palms in each
row and the distance between adjacent rous buing the same., In the
triocngular systan, palms arc set at fixed distance at the corners
of an equilateral triangular, In this sytem, about 15% more palms
S e qcpurmodutud per unit area. In the quincunx systeuw, seedlis

by menkar of gach rguc? of old palms. This method 7

A
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15 uséd only for replanting old coconut plantations where the

trees will be removed as soon as the new scedlings are

dngles to one another but the distance between the palms in the
row is greater than that betwecen the rows. This gives a
slightly higher stand than square planting and allows more roon
for growing intercrops. As a guide, the number of plants/

hectare of the common planting systems 1s shown in table 1.

Holing and Planting

After laying out the narking pi:gs in the site, the next
operation 1s digging of holes. The size of the secdling hole
depends upon several factors such as the nature of the land,
tha typc of soil, depth of water table, etc. Generally, the
harder or heavier the soil, the larger should be the hole. Yor
light soils, 0.5 m x 0.5 m x 0.5 m are recomrnended, /xx hard
reddish clayey soil, 0.75 cu. m. is ncecessary so that the
hardened portion of this soil would be broken. In sandy soil,
ghallow holes of one third to oae half meter in depth are
suggested. Surface planting is not advisable in places wheve
drought prevails. It restricts the forrmation of the bole

region and favors the formation of a shallow root system,

The holes are usually dug in advance of ficld-glanting
of coconut seedlings to allow the soil to weather. The surface
s0il is separated and the subsoil is utilized in making small
bund all around to prevent rain watsrfrom flowing into the pit

(Elanting hole).

The secason of transplanting seedlings will vary from
place toplace deprnding upon the situation of the land and climat
conditions. Generally, in most areas, thce best time for trans-~
planting is ot the beginning of the rainy ceascn or after its

heaviest monsoon. Properly selacted #cedlings of either local

o\
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Table 1. ' Square and Triangular systems and.their planting densities

A TPOPULATION DENSITY (Palus/Unit arca)

M E T B 0 D o . Tha '2ha!3haléha!5ha

_ Square: bnx8m o 156 ..312 . 468 625 781
8.5 mxB8.5m . .. . < 138 . 277 . 415 553  69%
Sax9m .. . . . .. G134 . 24704 370 494 617

© l0nx10m » . .100. 200 300 400 500

Triénéulér:
8ux8n ' 160 361 s42 727 903

85nx85m . . . - U166 7 319 479 639 799
Smx9m O 143 . - 284 - 427 579 712

10 mx 10n R e § 230 .« 3406 462 an
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talls or hybrids raised under;ordinary’ nuréery or in black
' polybag nursery are ready for field-planting when scedlinge

reached 7-9 months of nursery period.

R . f

2.4 Care of Young Palms

The most critical time for the paler {is during the early
* stages of its life, that is, from the tine of planting to the
third year. It is only by giving. careful attention during this
pericd that the palms could be expected to develop normally and
Aproduce high yicids. This aspect can be demonstrated where newly
planted seedlings are grazed by cattle, choked up by weeds and

attacked‘by coconut pests and/or discases.

4.1 Fencing (presence of livestock) - The neuly planted
scedlings should be protzcted from the disturbance cf
cattle, until they grow big cnough to be beyond their

“~reach., An indirect damage done by cattlc is trampling
which hardens afid exposes the ground arcund the young
palms. If the seedlings are concentrated in cne. place,
it is cheaper tc fence the entire block or if this is

' not economically feasible, protection rmust be given to

the individual seedlings.

2.,4.2 Vatering - In the absencé of rain, the newly transplantec
seedlings should be watercd as nceded until they produce
erough roots and set established, It is also necessary
to continue wateving the seediings during the dry months

for the first two or three years after transplanting.,

2.4.3‘ Shading - In somc regions, when the sun is very hot
7
duriqusummer months, the seedlings should be adequatel
provided with shade for the first 2 years, Shading
reduces casualtics amung the neﬁly transplanced seedling

the frequency of wvatering, and checks the "grey blight”

diseasc of cocnaut seedlings.

W)
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v 2.4.4 ‘Culrtivation and after care:~ The seedlingslave to be kept

n. free of weeds pericdically. During heavy rains,

©2.4:5

2446

precautions should be.taken not to allow the water to

stagnate in the hLole for long periods.

RN SeAAIe N wein e a v e EmAG R e wrew Se—viey e

seedlings. should be cleaned und the surface soillept

- friable for faster root development., One sure way of

keeping down weeds 1s to establish a lcguuinous covercrop

wvhich can smoother the weeds and at the same time increase

. the fertility of the soil, Wher :overcrops are established,

ring-veeding .around the young mlus should be widened.
This will prevent the clinbing up of the covercrop to the

palmé.

PFertilization ~ Proper fertilization from the nursecry

and/or field planting is necessary to give good start

of the szedlings, unlesgs the soil is virgin and with

good inherent fertility. .As experienced in many countries,
proper fertilization of seedlings promotes ecarly bearing and
higl' yields, The major nutrient needs of the secedlings

are potassium, nitrogen and chioride. Based on several
studies condu c¢ed in different agro-climatic conditions

in the country, an average fertilizer recormendation for
coastal and inland coconut arca was developed. This is

ghown in table 2 as a guide;

Protection from pests and diseases -~ The young coconut

nalms are susceptible to attack from varlous peste and

discases, Frequent Inspection and monitoring of every

plant should therefore be done and control measures taken

prorptly. Rhinoceros bectle, spike moth and caterpilliar

are sore of the important pesis oL coconuts,

\
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Teble 2. Average fertilizer recommendations (rate/palm) from ficld-
B planting to bearing stage for ‘toastal and inland areas (more
then 2 kn from the coastline) (Hagat et al., 1981).

1 COASTAL AREAS H INLAND AREAS

+ AMMONIUM + POTASSIUI] AMMONIUM + POTASSIUM
!
1

" AGE OF PALL:

SULFATE CHLORIDE | SULFATE CHLORIDE

' (21-0-0) _ (0-0-60) { (21-0-0) _(0-0-60)
Field Planting (°7) 150 g + 100 g 150 g + 200 g
6 months after FP 200 g F. 150 g 200 + 250 g
1 year 500 g/yr” + 500 g/yr 500g/yr + 500 g/yr
‘2 years ie - w. . J50.gfyr  + 750 g/yr. 750g/yr + 900 g/yr
3 years 1.0 kg/yr + 1.0 kg/yr 1.0kg/yr+ 1.6 kg/yr
4 years ‘ 1;§0Ré/y}1 + 1.25kg/9f 1.5kg/yr+ 1.7 ka/yr
5 years or older 2.00kg/yr + 1.50kg/yr 2.0kg/yr+ 2.0 kg/yr

- pre-bearicg ctage (l-4 years): split epplication, first half at
start of rainy seagon and the rest six months after or hefore end of
rainy season. PRroadcast and fork-in (Soil~incorzporation within 10~15 cn

top soil) application

~ bearing ategc: One application for arcas with even rainfall
‘ distripution (1.5 - 3.0 dry months); slpit epplication for areas
with distiuct wet and dry season, Broadcast and fork-in (soil

incorporation) application.
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T.eaf spot, shoot rot and bud rot diseases are
.1d80. obsérved to infect the young plants, Prompt ueneures
faﬁeh'in tﬁe 1n1cin11§tagﬁéldloﬁc wll héi§'CO save the

seedlings, hence, early.detaction is very important.

'2,4.7° Replacénent of missing hills - Provided all precautionary

. Ymeaeurea are taken, th;te should be no casualties (except due
ICO 1ightn1ng) of the transplanted seedlings. If hcwuvet they

" do occur, they should ‘be irmediately replaced with'salected
and vigdrogs segdliﬂég Ltefarably of same age. C:leinga
showiﬁg continu;d Qﬂﬁe&lthy and stunted gtuwth‘ghopld also

" be replaced. “For this purpose, some surplus seaedlings

chould be kept in reservé.

FARM MAINTENANCE

Although coconut is essentially a cash crop in nost coconut-
producing countries, it 1s clso a food crop as wall. The main
consideration in farm managernt should therefore be to maximiza the net
income from it and this can only be achieved by increasing ﬁtééuction.
re&ucing co;ts, creating additional aourcoé of income (intercropping)

and proper disposal of major and minor products.

With the availability of superior planting materials (i.e,
selected talls, hybrids) low productivity of many coconut farmc is
likely due to improper soil management. Application of proper soil
management practices will help maintain high production levels.

These practices that deserve serious attention in relation to coconut
farming arc: tillage, mulching, erosion control, covercropping,
fertilization, gruen manuring, organic matter improvement, and soil

amendments.,

3.1 Iillage - In coconut farns, intercultivation or cultivating the
interspaces is the main tillage operation end consists of plowing,

harrowing and digging. Tillaga has gevaral objectives as follows:
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(1) -+ To make the soil receptive tc the first rain after a
rainless period and to make it retain moie;ure;

(2). To produce favorable soil structure for the development
of roots, thereby increacsing the available feceding arce
for the paln;

- (3) To improve the aeration of the soil resulting in increcased
bacterial and chemical actilvity which h turn increases the
available plant food in the soil;

(4) To kill weeds, thus conserving both plant--food and water
for tha palm;

(5) To incorporate organic matter intc the soil.,

Pelizardo (1972) showed that plowing, fertilization and
covercropping practicad singly or in cowbination with each

other increased nut yield in 4Z-ycar old coconut trees.

A distinction should be kept in wmind between working
ﬁhe g8oil properly and the mere control of unuvanted vegetntion.
Exparienced gained in many countr42s has shown that working the
soil has a beneficial effect on yield provided it is neither
too frequent. The nutrient absarbing part of the root system
is in fact very near the surface. If the soil is disturbed too
deeply many roots will be cut or wounded, and yields may decline
abruptly: - But a-shallew cultivation ‘going down no deeper than 20 cm
hae o useful prunin;; action by cutting roots-and acting as a stimulus

to the root.system to explore the decper layers cf the soil.

The best time to work the soil is near the end of the
dry season. The coming of rains a few vecks later will favor

the rapid development of young roots,

Fertilization - There is no contradiction tc the fact that
coconut palus do respond to pruper fertilization particularly
in coconut soils where there is au observed deficiency of major

blant nutrients, Even if thae soil is initially fertile, continuous //
\V\2
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Temoval ‘of plant nutrients from the soil in large amounts is
likely to creatc nutrient deficiencies somotime later, unless
brépet fe}tilization is done to replenish the nutrients
absorbed by the palm., To avoid such problem it is highly
suggested to follow a proper fertilization program as in
Table 2. Therec are several approached or methods that can be
used to determine the fertilizer nceds of the coconut. These
are: (a) Soil analysis; (b) crop deficiency symptoms; (c) leaf
anaiysié and (d) field fertilizer experiment or trial. The
conduct of a fortilizer experimemt is the most precise method,
though expensive and time consumdng. lioreover, recsults
obtained may just be highly appiicablc to the area the

experiment was conducted (site~spacific).

Soil analysis - refers to the chemical and physical
measuraments of the soil, diagnosis and recommcndntion. It
has been practiced with some degree of success but generally

workers are not satisfied with the reliability or usefulness

of thismthod.

Crcp deficienéy symptori(s) - are exhibited by the

coconut when it 1s unable to absorb sufficient nutrients to
satisfy crop's requirements (Tables 3a and 3b) Symptoms
of a nutritional disorder are confinod to the leaves, and
'ﬁmy ocecur in any part of the palm. C({oil and le¢af analysis

are uscd to confirm nutritional deficiencies.

Leaf analysis (follar diapgnosis) - relates the
concentration (%) of nutrients found in the coconut leavas
which relate to crop growth or yield. The fertilizer and
nutrition survey studies in the Philippines have shown that
lcaf analysis ie an effective tool din diagnoging the
fgrtilizer needs of coconuts, eépecinlly, the local talls,

using the critical levels (leaf no. 14): 1.80% R, 0.12% p,

\y
4
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0.80% X, 0.30% Ca, 0.20% Mg, 0.50%.C1 and 0.15% § (Hiagat, 1978)

and fingat et.al., P8l). For hybrids, those critical levels may
be uéed as abguide. In foliar diagnosis, a composite leaf
aapple from palus (10-20) under similar conditions is collected.
For a particular stage or age of coconuts, leaf sampling is‘done
on the selected leaf rouk (no.) of palms. The aelccti&n dapcnds
on the number of living fronds or functional lecaves at the
sanpling time. As a guicde, Magat and Prudente presented a

systen for selecting the proper leaf rank for sampling (Table 4).

If a more precise nutritional diagnosis and fortilizer recommend-

" atlon 1s desired, coconut farms must be 'sampled separately and

analyzed for leaf nuirient concentratioms. In this way, the
qualitative nutritional needs coulé be determined, ‘and the kind
and rate of foertilizer(s) 1s formulated basced on the experience
and kﬁowledge uf the agronomist/suil technologist/plant

nutritionist using the foliar diagnotic technique.

Intercropping ~ In coconut farms vhere palms are planted at
8 m or wider, the iInterspaces may be used to grow other crops

as a source of additional incoric. In the carly stages of the

~ plantation when pulms are still young and the ground unshaded,

there is no harm in raising intercrops provided care is taken.
Intercrops should be fertilized and shoﬁld not be grown very
close to the bage of the palm. It is best to allow 1.5 - 2.0
neters cround the base of the palm uncropped and kept free

from weeds.

The crops commonly cultivated in young plantations are:
pineapple, root crops, grain crops, lcguminous crops, vegetatle

crops, fiber - crops, fruit trees and beverage crops.

Studles carried cut by coconut workers have shown that
intercrovs can be grown without affecting negatively the yield
of coconuts. In fact, fertiliziug and irrigeting the intercrops

substantially benefits the mnin crop coconut. The result howcver
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Teble 3a. Average major nutrient requirements of coconuts. . .

Ep—— g'"ﬁﬁﬁoa«H?TBIEET (gépa;mél .4§ IMﬁ;og N?TR1§§T (k%/haé;
Huréory 12 25 22 . 1.2 2.5 2.2
.Field~planting . (FP) . 30 50 44 3.6 5.0 A
6 no after FP 40 75 66 4.0 7.5 6.6
1 year ‘ " 100 250 220 '10.0 25.0 22.0
2 years 150 375 330 . 15.0 37.5 33.0
3 years 200 500 440 20,0 50.0 44.0
4 years 300 625 550 30.00 62,5  55.0
5 years or over " o4000 756 660 40,0 75.0 66.0

ft

computed at 100 palms/ha

Table 3b.~ Annual nutrient removal of hybrid coconut (ouvrier and Cchs, 1978)
(Port Bouet 121 or UAVA, 6.7 t copra/ha at 138 palms/ha)

COHPONEHTS§?§§/255§‘ 7T K c1”UT?IENg (§g/h§)’ Ga VT 1 lis
spikelet 492 3 14 11 0.42 1 2 2 3
Stalk 349 1 7 6 0.14 0.6 0.23 1

Husk 7,843 19 116 92 1.0 1 5 4 12
Shell 3,849 5 0 4 8.12 0.4 ) 0.35 2
ticat 6,375 80 47 12 13 6 1 8
TOTAL 18,908 108 193 125 15 9 9 15 20
Annual Nutricnt

application 41 235 235 15 .104 - 55 -
(1970~75

Table 4. Coconut leaf rank recommended for sampling based on plant stage
{lingat and Prudente, 1976)

TEAN TOTAL r . - —
LIVING LEAVES{ . LEAF RANK TO DE SALIPLED
4 - 6 (nursery) 1
7 ~-12 (nﬁrsery or fileld) 3or b
13 -16 (field) 9
19 or more (usually bearing) 14
i

determined by testing 5-1C palmé;

randbmly‘sclectcd in an area.

e

Ao
O\
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could be adverse i1f crops which arc heavy consumers of

* potassium are plented without adequate fertilization,

Thq'pract;ce_oﬁ‘grqwing perennial trees is common
in the Philippines, especially in Southern Luzon, Eastern
and Vestern Visayas and Mindanao, Coffee,‘cocoa. mango,
"ldnzones'dnd'other fruit crops are belng inter planted with

coconut,

Intercropping of perennigls ig plantation where
coconut, trecs arc closely planted (7 meters or less) is
less desired as such cropping will result to intense
ceompetition and adversely affect the growth and yield of
both coconut - ¢nd intercropa. Furthermore, under this
gltuation it is difficglt to‘give proper atteﬁtion to the

. different kinds of trces according to ¢ oir special and
individual rgquirements, .If, hovever, it is the intention
to diversify the sources of income, two ways ﬁre open, One
is to plent the trees in altanate rows giving sufficiently
wide spacing to reduce mutual ;nterfercﬁcg of one over the

other and the second is to allocate different sites or blocks

of the availlable arca among the different crops.

Covercropping - Covercropping, the agricultural practice
of establishing lepuminous plant like tropical kudzu (Pueraria)
to cover the soil, is accepted in the Philippines and elsewherc
to have multiple benefits, This practice is extensively being
done a few months before ficld-planting of the coconut scedlinge
. as well as in . arcas with bearing palms.. Progressive farpers
in the couﬁtry consider this pract;;e inportant in their
cultural management. Thq groving of leguminous covercrops
cannot however be recormended under all soill--climatic set-ups.
~Among the fnctorg_to congider very importantly in seclecting
covercropy to establish in a particular coconut area as

W
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. £ollows: - (1) adaptability to local clima;ic apd‘soil
conditions; (2) cas: to establish; (3) dry matter yield
>;f6&ﬁctidn; and '(4) adaptability to local monagement
‘bractices,

Several benefits could be deridved from this practice
of leguminous covercropping, thcse are as foilows:
(a) helps cradicate/control unwanted wecds like cogon

(Impéfntu cylindrica) ecd aguingay (Roettboellia exaltata),

'thﬁé lowers the farm maintcnance cost; (b) ‘builds up plant
féﬁd,-eapCciallf nitrogen in the soil for the coconut crep
via the nitrogen-fixing microorganisms associated with the
legume covercrops, (c) conserves goil fertility by mininizing
soil crdaion, especially on'éloping and hilly areas;

"(d)'ihptbves air and water circulation in the soil, keeping
the soil.poroﬁs desirable for norral growth and deveclopment
of the ?aims; (e) encourages early-fruiting becausc of minimal
compétition for nutrienté; and (f) fuel saver as instead of
vﬁsihg an oil-driveq tractor to maintain the farm/plantation
in éood upkeep by periodic cutting of weeds, an animal-drawn
covercrop roller could efficiently fegulate the grouth of the
leguqinous covercrop by occasional rolling (say every two

nonths) .

In the Pﬂilippines. barticularly in Davao, three kinds
of covercrops are being recommended and widely used as
follows:

1. Xudzu (Pueraria phascololdes) - A twining perennial,

with hairy stems and leaves. Ti4ves are broad,
trifoliate and irregularly 3-lobed. The plant is
good pioncer legume, which is andapted to many soil
types (oandy to claycy) and is cormonly utilized

as a covetcrob under coconuts ratheér than as a pasture

legume,
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‘2. Centrosema (Centrosemn pubescens) - A trailing and

clinbing perennial, weakly rooting at the nodes and
with bright purple flowars. It is adaptable to a
wide' range of soil types and will grow on acid soils
and moderately tolerant of water-logged counditious,
Growth is slow during the scedling stage, but becomes
aggreesive once the plant gets established.

3. Calopogonium (Calopogoniuw mucunoides) - A quick-

growing creeping plent, vhich thrives on a wide
range of soils and forms.a cover in six to eight
months, 1f sown under suitable weather conditions.
Seeds are small, somewhat flat and yellowish brown.
It is a moisture-loving plant and dies back during

drought but regenerates after the rains.

As an important reminder, if the soil moisture is not
adequate, covercropping may not be advisable as covercrops
tend to compete with the coconut for noisture, Likely, weed
is not a problen in dry arcas and vigorous growth of wceds
is encountered in areas with abundant rainfall and sunshine
year round. Generally, in well-drained area with adequate
water or soll moisturc such as ia places with high and evenly--

distributed rainfall, covercropning 1s practical and beneficial.

Harvesting - From tha complete reproductive fertilization of

a female flower, coconut buttons take about twelve months
flover, coconut buttons take about twelve months to develop
into a mature nut. As a normal bearing palm produces an
inflorescence in every leaf axial at intervals of about a

month, a matured branch would be ready for harvest every month.
However, harvesting 1s not ordinarily done arery month except iIn
high yilelding farms or plantations, it being a costly operation,
particularly when copra price is low. The harvest interval

(frequency) practiced wmay vary from 30 to 60 days.
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A study.on-harvéqting frequency conducted at the
PHILORIN. (now PCA-Davao Resecaxch Cen;gr) at Bago-Oshiro,
Davao City found that the 30 days interval gave the highest
production cost, the 90 days interval the lowest productivity
and the 45 days cy<le gave the highest econonic rcturns.

Trom the result of the study, harvesting coconuts at 45-50
days interval gave the higheat profit and is highly

Jecormended,

' fh; effect of hafvesting nutc bcfore they are fully
mhture on the quantity and quality of copra has been knowm,
Copra and bil content per nut are at peximem in the fully
;ature (twelve~month old) nﬁta. By harvestingirmature nut,
copra ¥ lost to the exteat of 8% in 1l-month 0ld nuts, 16%
r:I.n 10-unonth old nuts and 33% in Y-ponth old nuts. The
loss in terms of oil quantity is directly proportional to
that of copra loss. Vhen nuts in-a coconut bunch turns

greenish brown or yeilowish browm, the bunch is ready for

harvest.

‘if the harvested nuuts are placed in heaps for
12-15 days under the open-sun (seasoning) pridr to extraction
éf coconut meat and drying, a further increase in copra
wveight (about 8%) is generally observed, The‘senaoning of
nuts is highly recommended for those that do not exhibit

the 12-month ripeness (cark brewm).

4., OTHER AGROMOILTC PRACTICES
4.1 Drainage - The coconut palm cannot tolerate water logging
stagnation) for a long period and consequently becomes poor
na stunted in growth, producing only very low yields. Thus,
n water-iogged areas coconuts diould never be grown., However,
hen tho srea can be drained, coconut can be made to bear

atisfactorily. Drainage channels should be dug to take away



4,2

4.4

Agronomy of coconuts,..l8

the surplis water.- These drains should nét be 'alldwed to get

LAY

élogged'up with weeds, rubbish or’ soil.

Erosion Control - Soil orosien is a scrious problem in forms

situated on hilly areas, mrticularly the oncs subjected to

heavy reins and flash floods. The loss of the top soil exposes
roots and cventually creates nutrient deficiencies, thus coconu
look diseased and become unproductive. A number of methods hayv

bécn‘suggGStcd'to niniunize erosion such as terracing, contoury

" plenting, covercropping, etc. to sult different gituations.

Green ianuring - Green manuring 4s the practice of introducing
leguminous crops, plowed déwm and incorporated with the soil at

grean stage of the crop. Some benofits from grecen wanuring are:

.8, mualntains the humus content of tho soil;

b. stimulates biolegical ectivity ia the soil;
¢.. exerte a conserving influence on soil nutrients‘and brings
them upwards from the subscil and deposits tucwm within the

root zcne;

. d.. increascs the availability of the inorganic constituents

. of the soil,

To get the maximum bcuef;t out of green manuring, time
of cutting and incorporation are irportant. Crop grown in situ
i§:bgst incprporated:at flowering time. If it is allowed to
rencpvmaturity (woody) then its green manuring value dininishes.

The green manure crops shouid be incorporated when there is

sufficient moisturc in the soil,

Soil Conditioners - Application of lime to coconuts is practiced

in coconut growing countriea. Lime is applied to correct soil

néidity (to reach pll 6~6.5). With nroper application, it exert

" o buneficisl effoct by counteracting the high soil acidity

(low availability of several elements and high fixation of

phosphorus).
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4.5 . Livestock--Coconut Integrated Earmin& -, Roughly 3'mil1ion

hectares of land in the country toslay are plantgd to coconuts,
About 0.5 million hectares of this coconut lands arc stocked
with livestock. Considerable interest has been devoted to

thia:popular mixed'chterpriécs,'eapeéiélly in many provinces

" in Mindanao (Southern Philippines).

'Seyernl reasons werc clted why livestock arc grazed
under coconuts: (1) to provide feeds for work animals;
.(2) to maintain the plantation clean and (3) to generate

additional income to the coconut farmer.

Like any other businees ventures, however, this mixed
enterprisc has its drawbocks or limitation. Among the most
comzmon arc the lack of sufficient feeds for the cattle to last
the year-round, the-deprcsaing'effccts of grazing on coconut
ylelds (especially on heavy soils and under improper pasture

'management); and lack of udequate'financing. The first two
factors are often results of the farmers lack of basic
knowledge on managcment practices fevorable to the livestock,
the pasture and the coconuﬁ. Ideally, the system should be

considercd as a farming systen rathar then as ccparate enterpriset

One najor problem that rcsult in integrating cattle with
coconut is compaction, uvespeciclly 4n heavy textured (clayey)
soils. The grazing of cows and carabao (water buffalo) compact
the goil duc to trampling., Compaction of the soil surface
reduccs soil aeration and drainage rosulting to low yioclds,
Cultivating or subsoiling once every threc years can countoract
this 11l-cffects. It has been shum by Felizardo and Galvez
_(1961) and Felizardo (1971) that the yield of control trees did
not gignificantly increcased, The vork proved that periodic
loosening or tilling of the surfrce soll is a good cultural

practi:e cmp gruzed coconut farme. They likewliac claimed that
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proper stocking rate and'aboiddnce of overgrazing will also

reduce soil compaction.

‘Another factor which nceds scricus consideration ie
the competition between the coconuts and the‘pdétd:e grassas
‘fog 8011 nutrient. pu.cacuiaisy HLLIUECD 8Ta porassium,
Crasses ncéd rostly nitrogen for greater herbage production.
Coconut .on the cther hand, requircs potassium, chloride and
nitrogen in high quantities (rcfer to tables 3a and 3b) in
that order, Obviously, there 1s & need to apply thege
nutrients to the soil in order for the coconut to remain
acononleally proaductive and for the naeture to produce groater

herbage yield (Alfera:. i87%).

&mile it 13 true that‘nany coconut farmers are
intercropping coconuts with annual, bienninl and porennial
Creps, yet there arce still many arcas that can be utilized
for this cnterprise, Experlencee in Southern Philippincs
(tiindanso) have shown that a heetare of pasture under cuconut
can easily carry three (3) arins! units for grazing under
proper manageient, which is comparable to irproved open pasture

(M ferez, 1975).

Apparently, like intercropoing, the integration of
cattle in coconut farms offers a tromendous potential in

increasing the income of the coconut farmer,
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THE AGRONOMY. OF CACAOl/

BONIFACIO A. AZUCENA, JR.
Manager, Soils Department
Twin Rivers Research Center
Iwin Rivers Plantation, Inc.
Madaum, Tagum, Davao

INTRODUCTION

Cacao or cocoa is a stimulant tropical crop.which grows best within
a temperature range of 21-30°C, at altitudes of no less than 615 meters; a
mean annual precipitation greater than 1,250 mm; with drought period no
longer than 3-4 months; requires a deep top soil (at least 1.5 meters)
well-drained, well structured; high moisture retention; rich in organic
matter; and soils that are neutral to moderatily acid in reaction and

containing relatively high amount cf exchamgeable calcium and magnesium.zj
Cacao provides the best of chocolate beverage and confectlonaries,

The productivity of cacao trees depends largely on scveral factors,
Among these factors are, suitability of the area to cacao planting in terms
of soils and climate, influence cf planting materials; the varicty and/or
cultivar and the type of propagation, *the degree of care given and the level
of inputs provided as regards nutrition, shade ranagement and cron protection.

Efficient cultural management, therofore, spells the success in cacao production

CULTURAL MAN/AGEMENTS
A. Developmental staze (6--86 months bafore planting the cacao scedlings)
Thie stage embraces the preparstion of material
requirements prior to the plenting of cacao. . .Is includes
the selection of the planting site, preparation of the site
sclected, survey and staklng, prenarntion of shade trees,
their planiiﬂg.and mnintenancc. thade 18 neaded Ly cacao

plants during their early prowth stage, to protect then froa

l/Paper read during the XIV International Forun on Soil Taxonony aid
Agrotechnology Transfer at PCARRD, Los Baflos, Laguna, Philippinegy,
February 3-20, 1986,

2/

= Fertilizer Guide for tha Tropics and Sub-Tropfcs Ly Jjun G. de Ceuas,
Centre de "Elude de L'azote, Zurich, 2ud £d. 1973,
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, direct expoaure to aunlight. strong winds and other adverse
¥ et s,

elements. It also, provides a kind of micro~climate which
hastens development of the planta.

1. Sclection of Site

)

o The area should be of good drainage to

allov gdod acrationﬁand availability of

_nutrients; it shoﬁld be;neax roads for future
transport of produce; far from the conmunity
housing area which can eﬁcourage pllferage and
"gstealing of products; must be near the source of
water if irrigation becomes necessary and, also,
for nursery use; and of good terrain to ease
farm operations.,

2. 'Land cleaning, plowing and harrowing

A gketch of thc area is prepared, to
designate blocking pattern, road positioning,

location of farm houses and equipment.

If the area is cogonal, plowing is done
at a deptﬁ of about 30-50 cms. This is carried
cut only once. However, i1f the area is with
weeds other than cogon, plowing can be dispensed
with, After plosing, oﬂc harrowing follows; then
by herbicide application to further kill the weeds.
All stones arc then removed from the area, and
placed along the boundary of the area.

3. Preparation of stakes, liuing, stsking and blocking

Banbous or any woody plant materialmy be
uged for staking. They are cut about 3 feet long
and tapered at onae end. The officlency of stake
propsvation is about 1,200 picces per man~day,

A nylon twine or string may be used for lining.
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A triangular or quincunx planting pattern
vmnflgé';eéoffed to, Qifﬁ;é }iadtfgg diatance of
EI2:75 meeeré 2 2.75 meters. Bafore going into

lining and staking, firat‘ﬁfépure the nylon twine
to betseé in lining.”. fbf baéelino—twine, marks
Aaré ﬁade on thelnylon twine at 2.34-meter intexval,
while for the acakinﬁ-twine, nmarks arc at 2.75-
meférvinCerval, end fuffher marked about 1.37

meters on both enda;

A baseline is established by spreading the
nylon twine across the area. The stakes are then
placed on every 2,34-meter mark. These serve as
guides in staking the perpendicular lines. After
having the baseline, start gaking. The etaking-
twine is then placed on top of the baseline,
narked 2,75-meter on top of the first stake of the
baseline, Then, when it is‘spread on both ends,
stake on every 2.75-meter mark. On the second line,
place the staking~-twiue on the 1.37-meter mark, on
top of the baseline having the 2.75-meter nark.

This {8 done alternately until the whole area is
staked. This operation takes 3 man-days per hectare.

Shed: Tree lMaterials

Preparation and planting

There are several trece materials which may
be used to provide shade to young cacao plents.
Some of these are cassava, madre de cacao and

1pil-ipil,

Cassava provides the earliest shading but
of short duration for the newly planted cacao

seadlings, .uather of its drawbarks is its bedug
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tubers and at any moment thereafter this shade
materials topple down or gets blown down with

strong wind. .

Madre de cacao provides shade but at a
ndn—uﬁiform coverage. Another of its drawbacks

is its scarcity.

Ipil-1pil, on the other hand, grows faster
provides unifornm shade and builds up tke orpanic

nhttet of the s5o0il during abcission of 1ts leaves

Ov the 2,75-meter marks are planted the

1p11-1pil seedlings and just adjacent to eack in

the inner portion of the rovw are planted the
cassava stem (cuttings about 1 foot long). The
caesavé‘will ensure early shading. The ipil1-1pil
ma& be planted by ditect seeding or better still
with the use of pulled scedlings cf about 1.5 to
2 feet long (from base of roots to its top) and
having about 6 inches of roots,
Weed control

Where cegon grows, chemical weeding is

employed, In situation where other weeds are

‘present, manual weeding 1s used.

Slashing 13 done in between hills while
roller is run in botweer rows, where thereafter
herbicide is spreyad,

Replanting of missing hills (shade tree)

Missing hills ara replanted with the same
shade trees prefersbly during the rainy season.
Shade trees are also planted alongaide of those

previously planted but are stunted in growth,

\ \9{0
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7. Fertilization of Shade Tr&es

~tr - '‘To hasten growth and come up Wlth vigorous
- ghade trees, applicatioh of fertilizers to the

crop 1s also necessary. Phosphatic and potassic

~fertilizers are usually applied on the ipil-ipil
plants, while compiete fertilizers are for the

cassava.

Nurs ve ~ (45 months)
Two months aftcr planting of the shade

trees, the nursery for cacao is prepared.

The size of a nurscry shade is dependen
on the number of secedlings required to plant a

given area.

Example:
Area tc be pinnted <~ 100 has!
Distance of planting by - 275w x
| quinﬁunt' . 2,75 n.
Plant hill'popuiation -~ 1,500/hectarec

Thereforg:
1,500 x 100 = 150,000 seedlings nceded

to plant the 100 hectares.

" 8ize of the Nursery

given: post distancing in a square -~ 2,5

netere (6.25 sq. m.) from post to post

This can accommodate 300 scedlings; hence,
100 hectares will nced a 500-mquares or a total
area of 3,125 square meter nursery. But, 1032
additional secdlings arc required as an allowance,
to take care for replanting. Hencu; the total area
of the nursery will te 3,125 + (0.1 x 3,125) =

3,437.5 8q. meturs.
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TthQQrsgry.a:ga is land prepared by

'+ +.3 times plowing, :followed by 3 times harrowing.

- Post locations are then staked, Along each row,
posts are installed at 2,5 meterc apart. These

" rows are’aligned on an east-west direction. The

v depth of hole for cach post is 1.5 feet. The

primary lintels are tied along the top side of

thé post on.about 7;5 fect from the ground level.
On top of these perpendiculars, the secondary
iintels secured with nylor twine are spaced 1
foof apart, (at least 5 lintels per 1 square) .
Thereﬁfter; a layer of coconut fronds is laid on
top, to serve as roofing but spaced enough to
allcﬁ uinimal entry of sunlight, A 3-foot walling
of éoconut fronds dn vertical position along edge
-of the nursery shed is provided to protact the

seedlings from strong vinds or astray aninals.

Staking of bagped sodl grouping

Each group of 7 lines of bagged soil are
staked., This grouping is spaced 20 inches apart,
and uﬁ alley of 1 necter around the nursery area
is provided. Posts should be in between plots, to

prevent obstacles during operation.

Bagging of Soil

P1$atic bags, preferably black, 8 inches
x 12 inches x 0.002 of an inch thick are filled
with surface soil from inside the nursery shed.
Tﬁene arc then arranged abreast with each other
in 7 lines per group. Bagging cfficiency 1s 400

bags per-man-day

Wy
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- Preparation of .seeds for Planting

. .‘Beeds arc snlected fox good and productive
cacao plants. -Seeds should come from pods that
are from the trunk of a stem, of a good atand
cacao, free from diseases, of good shape and

weight and from vary productive cacac plant,

After selection, pods are broken with the

use of a wood in a pcd lLreaking table. Beans are

placed inside a neé bag uixed with sawdust, to
rémové mucilage and waahedAwith water until the
mucilape has been cowpletely removed. These
bénns are then laid on jute sacks and finally
cévered witﬁ another jutg sack. The sct-up 13
then wﬁtered. This is to‘pre-germinate the beans
which in the following morning, will then exhibi;

protrusion of the radicie.

These pre-germinated beans are seeded
to ecach bapged soil. At least ¥ of the bean

with its radicle at the bottom is sunk into the

soil. The un~germinated beans, after 5 days

are then discarded. The efficlency of gecding

is 10,000 beans per man-day.

Care of the Nursery scedlings

after sceding, these are gprinkled with
enough water, WVatering is done daily, 1f there is
no rain. In about 2 weeks, the sceds shall have

produced at lcast a pair of leaves.

Sags with dead leaves are soparated for

re-sceding and placed ncar the alley.

'1
1\
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When the' seedlings are about 1 month old,
0.5 g urea or a pinch is applied per bag; the
“'rnte‘is'increaeadimonthly by 0.5 g. If micronutrient
deficlency symptoms show on leaves, dpply the
deficient micvonutrient once in evary 2 weeks by
" spray and at proper concentration., Azodrin 207 R
‘or'any other insecticidc may be sprayed when insect
damage have been sbaserved, The earliest expected
date of Infestation is when the first leaf appears,
A combination of Fungicide (Cupravit, Decis and
Ienak) may be applied to control funéal and

insccticidal damages on the scedlinga.

Folier fertilizer like Albatroz at 200 gms
in 40 liters soiution wmay be sprayed on the
seedlings, starting when the first leaf maturcs
and bi-weekly whenever necessary. A 0,5% ureal
solution may be sprayed on the seedlings when they
reach the ape of 2 menths and the plants would

exhibit psalcness,

Volunteer weeds way be checked by hand

pulled as they occur,

As a sanitary reasure, weeds along the
alleys may be controlled, either manually or by

chenical neans.

Caution is piven, in that, excessive
watering of the scedlings should be avoided to

prevent feot rot,

Care of the nursery will be continued until
the 3rd up ¢, 4th ronth when the scedlings are then

ready for transplanting.

Qx\\
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. B, Pre-Productive Stage (6 wmonthe)

‘Planting of Cacao

Make a hole in between two ipil-ipil seedlings. In

_daeternmining the size of the hole, use the spade as a guide.

Four rounds of the spade make one hole, its size and depth,
Be sure to separate the top soil from the sub-goil during

digging. Hole digging efficlency is 300 holes per man-day.

Seadlings to be hauled are placed in a tray pan (to
minimize stress on the plants and distributed to the ficld
from & nursery, after digging the holes. 300 g calcic lime

and 50 g-aolophos are epplied to each holes, before planting.

During planting, be sure that the plant should be of
tﬁe same level with the hole made and in covering with soil,
it should be the top soil first, followed by the sub~soil.
This somehow prevents the gruwth of weeds and nost likely,

more beneficial organiswms are found in the top goil.
Planting efficlency is 300 plants per man-day.

Weed Control

. - Weeds are plants growinp where they are not desired
or plants growing out of placc. They can be shrubs, broad
leaves, grasses, sedges, bushes, aquatic or parasitic
flowering plants. They compete for survival with eacao
by way of grabbing the nutrients and moisture which should
otherwise be utilized only by the cacao plonts. They could
also harbor insects and diseases which uay atteck the cacao
ponts. They, can also crowd the cacao plent. ‘The foregcin
undesirable characteristics of weeds, thercfore, warrents

their removal or cradication frow the plantation.

There are two known methods of weed control and thes
are, manual and chemical weed controla. In the nanual

mathod, with tho use of grasshooks or scythe or slashing
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bolo the weeds are cut end eradicated. It may be line

‘weeding or’ ring wceding.

In cheadcal weeding, two types of herbiciues are
used, These arc tihe coatact herticide wherein the weeds
are killed by mere contact with the chomical and the systemic
wherein the chemical gets dnedde the plant and kills the

plant siowly.

Ir dogonal arons, the vecd control metheds resortoed
to are a combination of the two. Maintain a 1 meter clean
up ring weeding arcund the cacao plant and spray herbicides
in between plants or a line slashing across the line of cacao
plants and rolled witk “pagulong” in hetween rows of cacao
plants before spraying hevhicidos., On Sparse cogon,
"Haplas" method is empioyod. feveby 2 herbicide solutics
preparation in a peil ani wirh the us: of a pleca of cloth,’
leaves of cogon arc wct rne by cne. This saves a lot of

chemicals.

If the area ave of diffcerent kinds of weeds, epply
the manual method. Tirs could be line slashing and ring

weeding of 1 meter wide and sawe radius, respectively.
7

Chemicals used a~d Dosipe

1, Spray methed;
Parayuzt -~ 750 ce per drum (of 200 liters capacity
plus Tenak 130 ce
Dowpont - 3 'y3 sar divm plus 0,75 kgs Ammosul
plus Tunak 130 cce
Round-up - 753 cc per drum plus 0.75 kgs Ammosul
or Urea plus Tenak, 130 cec
Note: Stickers érc used only during rainy season.
2. '"Haplas" method:

Dowvpont - - 100 grams per liter of water

o |
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Efficiency: Slashing, ring weoding - 0.50 ha.
Chemical spraying .= 18t 6 mos, -1 ha,
~ 1st year - 1~2 has.

Cycle: DlMonthly

.Fertilization

Providing plant nutriznts in suff;cient‘gpount and
available to the growing plants 1s a very impp;tant
requirement. Soil and leaf anelyses more or less give one
an idea of the soil fertility ctatus and nutrient uptake of
plants. Vith the use of critical nutrient levels both in
soil and in lceavas, the amount of nutricents by way of
fertilizer application is determined, Others ﬁée the age
"of the plant and/or with crop yield as basis for determining

the nutrient requircment of the plant.

Following is a fertilization scheme in one of the
cacac plantatisn in Dawvao during pre-productive stage:
1. Pre mix ferrilizer with the followi=~ ~nmhinatdan.

araws/hill par application

Urca - 9 grams
Solophos -~ 10 grams
, Potash ~ 8 grams
Dolomitic lime -~ 6 grams

2. Trequency of application

N and K - gvery 2 months
P - every 6 months
B ~ every 3 months
Mn and Zn -~ folilar once a year as needed

Dosage changes every 2 months of applicationm.
Efficiency: combine fortilization - 4 has.

Cycle: 6 x year (every other months)
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Propagation

.- As, soon as the plont crop has been established, which
rtakes 2-3 months after transplanting, asexual propagation
is.practiced. It may either be by budding or grafting. The

idea is to have the desired variecty.

”Bﬁddin&

" Budsticks are collected from healthy, high yielding,
diseage - free, mature trees. The sclon may be derived from
a chupon or from a fan branch. It should be of chalk size,
similar tc the root stock end more or less browmish, The
-budstick is more or kss, 1 foot long, with leaves removed,
leaving about ! inch of the leaf petiole., A budstick of
5 should be wrapped <ith cacao leaves to'preyent bruising

and drying. Budding starts 2 to 3 months after planting.

Procedure in Patch Pudding

The patch budding consists of removing a square or
rectangular plecc of Lark from the stock and inserting in
its place a bud of desired variety on a siwilerly shaped
plece of bark., Two parczllel cuts, 3/4 to 7/8 inch apart are
made on the stock, The cuts should be made perpendicular to
the stock and should be about 1 inch long. With a sharp
budding knife, 2 longitudinal cuts are. They are likewise
3/4 to 7/8 inch apart, and each should intersect the two
horizontal cuts, resulting in a square or rectangular patch.
Similar cuts arc made above, below and on cach side of a
bud on a budstick with the same tool that 18 uscd on the
stock, Carc shoulib: cxercized in rewoving the bud frem
the budstick in order to avoid splitting the bark beneath
the bud. The bark should be lifted caéefully on one side
or both sidcs, 1if neccssary, end tho bud looscned by a
lateral twist. The bud is held in place on the scion while
the patch of the stock is flipped off and the bud is then

quickly transferred to its place.
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In making the transfer it is important that the
delicate cambium cells on cne underside of the bud and on
‘the ciboséd surface of the stock be subjected as llittle as
pdasiblé to mechanical injury and ecxposurd-to sir. The bud
should fit snugly in its new location’ and shouldibe tied
irmediately, It is then tied with plastic atrip coverinpg the
vhele patch. Ihis is to sccure the scion with the root

stock and prevent entry of water.

21 to 28 days later, the plastc strip is removed.
If the bud shows a sign of growth, make 2 giraic aoout
4 inches and % inch of the diameter of the stem above the
bud. After 1 wesk if thora’s e prstrucion of the bud eye,
"gtart bending. Banding 13 cutting almost half the diameter
" of tha stem in a slide pesition resulting into a split of

the sten but separacilon should be avolded.

Mnintain the root-leaf ratio to keep the root
functional in cbsorbing food or nutrients frow the soil.
After thei3fa flushing, cut the bended portion, about 1 inch

above the bud and paint with coal tar.

Efficiency: 300 hills per man-day

anftins

rafting is ancther meéans of asexual propagation.

In here a fan branch or chupon are used as sclon.

The scion 1s collacted from a desired variety. The

acion and rhe stock should be of the some size and age.

Make a diagonal cut on the scion, previcusly
collected, about % of an inch similar to a chisel shape.
The tapered porﬁion should be smuoth so as to fit the stock
well, After the pfeparation of the scion, make a vertical

cut on the stock of the some size. Insert the scion to the
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stock on a straight vertical position up to the last ecdge
of acion's cut. Cover with plastic atrip from below upward,
covering the unilon of scion and stock and the whole part

of the scion. ‘his is to keep the scion and the stock in
'Edntacé And praveﬁt drying and the eﬂtry of water into the

propagate. rtion,

WVhen the shoot starts to come out, remove the plastic
cover up to thea joint point of the stock and scion.

Effiricrey: 100 hills per man-day.

' -
- Bruning
Water sprouts are removed by pruning, This is to
prevent growtn of unneeossacy chupons which 1f allowed to
grow, will destroy the foru of the tree and inducc crowding

of branches as to ruduce the yicld of the tree.

Should some of the fan branches dovelops towards
" the jorquette, these are removed and only 4 fan branches

are allowed to grow,

Efficiency per man-day: 1 ha,

Cycle : avery 15 days

Pest and Disc ase Control

The following are the insects that attack the plant
at the pre-productive atace:
a. Mealybug - Sumithion, 20 cc per 10 liters of
water plus foliar fertilizer
b, ‘N0cturnal beetle - Sumithion, 20 cc per 10
litera of water
c. Cut worm =~ Kaffil, 5 cc per 10 liters of water
d, Lady bug - Sunlthion, 20 ce per 10 liters of water
e. Ants (red or ‘»lack) - Sumithion, 20 ce per 10 liters

of water o~
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Common discases found in pre-productive stage

‘Y. . Vdscular stréak dieback’
2, Pink disease

b ' 3, ‘Stem canker

The above diseasts may bg controlled by way of

Rl

pruning the affected portion/s of the tree.

Re-budding
Failures in budding are corrected by re-budding.

Replanting of scedling caceo

The need for replanting the missing hills is
indicated by the number of stakes in each row which the

sprayman has obscrvaed during his spraying operation.

Propping

In order to prevent abnormal growth of the developing
chupon from the patch bud, a pole of ipil-ipil is tied

abreast to it uatil its development has been cowpleted.

Security funce

To secure the established plantings from stray
animals and thieves, the area is fenced with barbed wires
attached to the growing ipil-ipil., Established a 3-4 lines
of ipil-ipll, adjacent to each other and along periphery of
the area, accomplished by making furrows and sceding these
ﬁo ipil-ipil. Growth of the 1pil--ipil treecs is regulated
by cutting the trecs to an appropriate hedght in sequence
until the deslred size of the stem is reached. The barbed

wire 18 then attached to the outermost line of the ipii-ipil

treea, at moet of 7 strands.
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C. Protuctive Stqge (12 months)

Heed Cantrol

At this stage, it is alwost in close canopy @
yet in some areas there will still be weeds .which ma
compcte with the plant crop. Control neasures ars s

to the fleld. It could be by chemical or manual mea

When cogon appears, use syatemic herbicides, such as
round-up or Dowpont. These arc then sprayed on the grasscs
with the use of pak-a-bak 15-liter capacity. When cogon
is sparse, “Maplas” method is necessary. This is to save
cost on the chemicals. On other weeds,. apply contact
herbicides, such as gramoxone or paraquat, It is also
of common practice to do clashing or under brushiﬁg on these

weedy arcas.

Efficicncy per man-day: Chemical - 4 hou.
Slashing - 1 ha,
Cycle: Chemical ~ every 3 months

(4 cycles per year
Slashing - every 2 months

(6 cycles per year

Replanting of cacao geedlings

During the operation, the spraymnn should monitor
the number of missing hills in cach line. When the sprayman
is about to transfer to the other row, he will put stoke/s
infront of the row. The number of missing hills corresponds

to the number af stakes in the row.

On the other hand, when the tractors, loaded with
seedlings arrive they will simply drop the eeediings accordin

to the number of stakes that are iInfront of the row.

v
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Thinning and Maintenance of shada treds

As tha cacao grows older, the néed for shade reduces.
It ‘i thén necessary to reduce-the shading canopy of the
shade 'trec, This'is dona by pruning snd thinning and later

by girdling the -shade tree to be eliminatzed.

VWhen the cacéo plant rcaches the aée of 6~12 months
from budding, the plant neceds 30~75% shade (depending on
climatic condition). Henco; when ic 1s 12-24 months old, 30-
50% shade is neceded, followed by the gradual elimination

of the shade tree.

Cut the shade tree aboutl7-8 ft. high, alternate in
a row ang let it sprout for 60 days. The tree which heve
been left, will be the next to be cut and of the same
proceéure. This is done alterustely until it reaches the
25th month. This is to prevent abrupt change within the

cacao environment, duc to reduction in shade.

After the 24th wonth, start girdling the shade trees
to ba eliminated, routaining a buffer for strong winds,

insects and discases around the block every 2 hectares,

Fertilization
‘The fertilizatlon schene will depend on =oil and

leaf analyses and on the reconmendaticn, thercafter,

Below 18 an example of a fertilizer recommendation
for Y 1984-1985 in one of the cacao plantaiicns in Davao:

per ha. per year:

N - 250 kg, P,0, - 103 ki

K20 -~ 515.3 kg

VA
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_Pest and Diseases and their Control

Pesgt ginsectsl

1. Pod Borer (Acroccrcops cramerclla)

A larvae from a nocturnal moth of 5-7
tm. long and with e wing apan of about 12 cm.
The adult moth lays ahout 40 epps (ave.) on
the surface of the cacao pods during night
time, It lays epgs on exposed area of the
pods. The eggs hatched about 3-7 days after
laying. The larvae bLore inside the puds feeding
on the placenta of the beans cutting its food
supply and stop bean from developing. The
larvae stays inside the pods for about 17-21
days and goes out to pupatc outside of the
pod, leaves or even on litter in the ground.
Pupal stage last for 7 days. The adult moth
dies after laying cgps. After 7 days tho
pupae becomes adult and again repeat the cycle,
Along the life cycle of the pest, the destructive
stage 1is. the lervae stage, the state where the

control monanrn tn hronl +ha AT e mmamae

- —— e mreeeay

~Tentyol Measures

1. Preventive - control measure be implemented
in order to prevent the adult moth from laying
epps on the pods,

a. Bagging - covering the cacao pods with
plastic bags. This prevents the adult

moth from laying eprgs on the pods.
Efficiency: 1,000-1,500 pods per man-day

2. Control
a. Rampassen ~ a ternm given by way of removal

of all pode for a month and at a time of low

cronedno antren,
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Diaadvanfugéa: It's hard to ensure that
all pods will be harvested and
besideé, in the plantation,
‘Malaysian varicty has a continous
cycle. Also other farmers grow
cacao outside ghe plantation.

" b, ’Chemicals - with the used a systemic
insecﬁicide. like Tuels, 1t stops the

"cycle of this pest. Spraying is donec

only on pods of baggable size while

excluding pods which arc already ripe.

Chemicals and their dosages

Decis -~ 5 cc per 10 liters of wate
Sticker -~ 2,5 cc per 10 liters

of watcer
Sprayman's cfficiency: 1-1.5 ha.

per man-day

Pod Borer Survey

To minimize cost and determine the effect of the
chendcal used, a survey is formulated before spraying, if
recommended and re-survey, if not recommended. This survey
tells the perccntage of borer infestation and iz also a
deciding factor whether sprayin,g is needed or not. 17 or
more aspraying is rccounended. If en erea is recommended for
spraying, the followinp week it is rc-monitored. For thouse
which are not rccormended survey is done and remonitored to

know the percentage infestation.

Survey proper
Sampling is done at randem, & hectare 13 divided into

4 gubdivisions or plots. Encﬁlsubdivision rnust have 56 samples,

‘50 therefore, a total of 224 gsanples per hectare. In surveying,

Y i
ik
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look for the entrance and cxit holes of the borer

.on pqda.pf eye level, Sample alternately on the
first line with 9 hills, and when the 9th hill is

.reached turn on opposite diagonal direection counting

9 hills and again sarpling alternately. Every time
you reach the 9th‘h111,,turn on opposite diagonal
direction until yeu have S6~-sawples/plot (% ka).

Aside from the exit and entrance holes, record how
many pods were infested with black pods, how many were

demaged by rat, and bored immature pods. % infestatior

is obtained by dividing “he pumber of bored pods

surveyed by the total number of pods surveyed,

multiplied by 1C0.

Survey cfficiengy; 2 has. per man-day
EEEQ, eat ripe cacao puds. They eat the placenta
which 1s swect, finally degtroylng the whole pod.
Control: baiting with Rodenticide
Lady bug -~ feeds oh leaves

Control: spraying with insecticides

Chemicals and dosages

Methyl Fosferno - 10 oc per 10 11 of water

Sumithion - 20 cc per 10 11 of water

Hostatidon - 1.5 cc per 10 11 of water
Scarring beetle - fceds un leaves

Control: spray !.secticides

Chemicals and dosages

Azodriq 202 R - 10 cc per 10 11 of water

Kaffil - 2.5 cc per 10 11 of water

Decis - 2.5 cc per 10 11 of watar
Tusock Hoth - feeds on leaves

Control: spray ifnsecticides
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Chemicals and dosages

' Azodrin'202 - 10 cc per 10 liters of water
' Raffil ~ 2,5 cc per 10 11 of water
'Healyﬁﬁéa - feeds on flnsﬁes. fruits, and
‘flower cushions.” In symbiotic relationship
“with ants. Ants Lring them up and feed on
their scecretion.

Control: spray insecticides

i
o

Chemical and dosaje

'Sumi;hicn,’QO cc per 10 liters of water
Aphids and Plent hoppefs -~ feed on lcaves
Chentdcal Control: Suqithion, 20 cc per 1C

11 of water
Twig borers .- feed cn branches, thereby
‘atopbihg‘the flow of food from stem to
branches thus killing that part where the
"borer exists.

Control: dinsecticidal spray

Chemical and dosage

Azodrin 202 R, 10 cc per 10 liters of wate
Ambrosia beetle - from coffee, wakes holes on
stem, also, cutting the flow of food, thereby
causing the attackoed plant part to die.

Control: imsecticidal spray

Chemical and dosage ~ Thiodan, 10 cc/10 11 of

wvater
Indian male moth -~ lays eggs on astocked beans,
hatched and become larvae. The larva feeds on
beans, creating tunnels on thesc beans, This
lowers the quality of stocked beans.

Control: Chemical means by spreying or by

drenching the sack with insecticide solution,

'lj;\
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“ Chemical and 'dosage

Decis spraying ~ 5 cc per 10 liters of water

Drenching - 10 cc per 10 11 of water

Disesses

1.

Vascular streak dieback ~ caused by Oncobasicium

thestronan, a fuagal orzanism,

Affccted plents become less productive.
Absorption of nutricents will also be affccted,
because the xylem and phloem vessels also get
destroyed, The causal orpanisms is an oblipgate
parasite that attack living tissues. The disease
starts at tho apical repion, usually on flushes.

Disgemination is only at night where they

1. Yellowing of leaves, with green spotting
2, Leaf scar manifests 3 orown do'.g
3. General burning of mature leaves and
flushes
4, Brown streaking on branches and on
gtem vhen split.

5. Stunting and no flushing

Control:

a. No reliable chemical control up to
present.
L. By pruning the infected portion.

Cut infected branches 6~12 inches
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..from the:last brown streaking and

then paint with coal tar.

Control effiéienqyé

2 has. of young cacao trees or 1,5 has.

of full growth cacao trees.

Thread blights - Marasmius spp. may appear
as white mycelial thread or black fungal
thread on leaves, petiolgs and branches,
Penctrates branches on its xylem and phloem
veasels which eventually jet clogged causing

death of affected branches.

. Control: can be controlled by pruning all

infectud parts, 6 inches from the
last infected area and finally
buming these infected parts.

Pink discase - Corticium salmonicolor, a

fungus disease that produces spores that are
salmon pink in color on bark or branches of
infected trees, At the time these spores
are scen, the stage of development of the
discase is way in advance. This pink color
first was just a white powdery substance but
later turné pinkish iu color as the disease

advances. On advanced cases, the portion

affected will soon die and dry.

Control: Pruning - cutting the affected
portivn and painted with
coanl tar.
Chemical - scraping the affected portion
and painted with coal tar mixed

chemicals like Cupravit, Deconil

or Benlate. /vé\
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4. Black Pod Rot - Phytopthora palmivora,

attacks stems and pods,

Stem: bark ‘scems to be roasted (black) from

the base 'upward. This may cause death

of the tr2e.

Pods: black pods, ped rot - blackening and

rotting of pods.

. Contrcl: Culturcl - removal of all infected

Pruning

parts which are then buried or
burned. Avoid heavy shadine and

improved drainasge.

Chenical —~ spray with pristan

Recioval of diseased and undesirable branches

and twigs;

reducing the shade,

Disadvantages of no pruning:

Obstruct operations

Favors discases, like thread blight and

bl Ay

Fan branch that grows inward the jorquet

Branches that grow downward

Branches that prow 1-2 ft. from the

Branches that prow straight upward

Branches beyond the reach of sprayman,

a.
b.

pinik diseasc
c. Delays operations

'runing at productive stape

1.

point
2,
3.

jorquette point
4.
5.

during spraying
6.

Water sproute or chupon

."\:J



The agronomy of €acao...25

'7. Diseased branch
' I AR VR AT ST -
8. Over branching or too much closeness of
‘brancnes _—

9. Branches that overlap other tree

Efficiency: 0.25-1 ha./man-day

Cycle: " 12 cycles per year or montily cycle

Paod Count

Production forecast for the next 2 months is
égne by sumpling, 7 samples per hectare usually in
center line., It 1s the counting of all pods within
the sample tree from a baggablc size upward tuy
excluding ripencd pods. While counting the pods,
they are painted with color codes corresponding to

the month, 1like red, white and blue. These color

codes designate month are used alternately.

Recording: date sampled
" color code
black no. and hectarage
Pobulation x .9 (90% after deducting
| 10X from 100) x pods/tree (pod #
+ number sampled) = total estimats
for harvestable pods in the uext

. 2 uontas

Efficiency: 20-24 has. per man-day

Cycle: monthly or 12 cycles per yeor

Propping

During the first year of cacao production, weights
of the fruita will becone a problem. Records show that
during its first year of production, high incidence of
splitted cacao stem hava been obsexved. This is due to

the weight of puds that the trae could not support.
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Because of this problem, the naeed of propping
the cacao tree arises. With the use of a-pole (ipil-ipil)
ticd on the-tree, the tree is supported in carrying the
weight of the pods. Also, tying the fan branches with

"a twine together, splitting of fan branches at: Lhe

Inrnnerra nadnt 4o’ wvnwantad

Harvesting/Procesaing
Harvesting

With the use of harvesting knife, ripened (yellow
or orange in coler, depending on varlety) pods are separated
by cutting the stalk in between tue vod and the flower cushion.
It should be noted that in hervesting, the flower cushion
should not be included, beenuse once it is injured, the
chance of bearing fruit becomes lmpossible. Damure pods
are also included in harvesting like black pods, rat damage,
bored immaturcd pods vhich are fully separated from gocd
pods. Good puds are thoan sacked with harvaster's code
written in a cocaw leaf and with 50 pods per sack. Sacked
pods are then tied with parcela coded ribbon and placad

along side cf the parcela layout vhere it is hauled later.

Hauling
Harvesting/Production report serve as guide in
hauling harvested jpods., It telis where it originates

(pla. # , blk. #) and Low nmany pods had been harvested,

Hauling 18 based on prilority, as to which will bte

"hauled first: 1ts distance, nurber of balance not hauled

(4f any), road status and amount of pods harvested.

The hauling team e composed of 3 and with an

efficiency of 200 wagba por trip,

Horvested pods are taen piled by parcela, HMarked

with parccela nupber, date hauled end number of bags.

A AV
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- -Sampling. '
: -Sampling is conducted when the harvested pods have

reached the fermentary house. About 5% of the total bags
.hauled are sampled. This reflects the harvesting procedure
whether the harvest had been done properly; checks parcela
harvester, regarding the quantity of pods sacked; monitors
infested/damaged pods like black pods, rat damage, end
counter checks monitoring of bored pods. Saﬁpling is

parcelarizéd.

Pod Breaking
Pod breaking is done by parcela. The number of bags

in a certain parcela is divided into the number of pod
breakers. These pod breakers got their share of the pods
and i:lace them besidle their ped breaking table, ready for

pod breaking.

A pod'breuker hag his own pod breaking table, 2
woven baskets (bucag), one for cacao good beans and the
other onc for the cacao shell. They also have sacks for
pods iInfested with phytopthora (black pods) and bored pods,
Defective Leans are retained in the pod breaking table but

later transfered to a sack for weighing,

Cood béans are separated from infested beans. For
coﬁnting purﬁoses, if pods are infested with phytopthora
(black pods), all of the cacao shells will be scparatad
and put in a separate sack, while for severely bored pods
the.apical part of the shell is retained for counting and for
slight bored and germinated pods, the half portions of cacao

shell with stalk are reﬁained.

Infested pods arc categorized as slight and severe.
Slight, when the damage 13 Lelow 50% and severe, when it is

50% above. The beans are then clasaified as élges A and B.
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Al)l beans without defects are class A and beans with defects,

like'gérminated beans, bored beant and black pods, are class B,

v
i

All cacao shelils, excluling the cacao infested with

phytopthora arc crushed and Uiatributcd to the field.

’

The black pods are buriced or dumped far avay from the
‘plantation, to prevent contaminating the other bearing cacao

treas,

Lfter brmaking, all beans arz then weighad, separating
the weight of clazs A from oliae B, The defoects ave categorized
as slight or scvarc and thel: awunt recorded. Alen, vith the
total weights of class &4 and §. AL vedphed beans are then
ready for batching. Ustebing dis raferced to the gxoun of pode
broken during the period of 1 weok, that dg, all pods broken

fromn Monday to Sunday arc considered 1 bateh,

Clasz A Lenus woe plnced in the fernentary box for
fermentation while c¢lass B beans praeced to the wash box fur
further processing, to improve its quality. Beans that ft0 to
the fermentary box are then tagped with box number, date of
pad brocking, batch number, classifieatlon and the total

weight,

The first box is laycred with fermented Leans which
serve as an inducer in the fornentation process. The fermented
beans contain lacturia vhich eause the fermentation process,

This bacteria are bolicved to bie the initiator of fermentation,

Procedure (7 lays formentation)
1. Clean ard roerove 211 clogged linear air passages
beneath the {loor Iesile the flrst hox, so as to
allow adr 1oz dnide the box;

2, Loyl o it Cepeeated banng to induce
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Pour the Leans (recently broken) into the firat
box, and when about half of the box has been
filied, lnyér‘ugain w;th fermanfed beans; this
induces fermentation faater.

The beans will stay in the first box for 1 day only.
This is,without cover. ,The purpose of the first
box 1s just to allow sweatings to flow from the
box;

The following day (2nd and 3rd day) transfer the
beans to the 2nd box. Before transferring, clean
the linear air passages, removing the clogs beforc
transferrin; the beans., Ia transferring, the time
limit ranges fron 30-40 mdnutes, This dis doue to
maintain the cerperature eotablished bLefore
grnnnferriﬁﬂ oo to lessen dJropping of témperature.
In this Lox therc’s a bulld up of temperature,
about 34°C-44°C. 1In transferring, it should be
noted that the Leans should be mixed well and
leveled, This prevents the beans from clustering
or Londing together. After transferring all the
Leans, e¢stablish the holas, 1 for every sq, foot,
(approx. 32 holesa in onc box) within the bulk

of thu beans. These allow the air to pass through
the bulk of beans inuide the box. Alr is needed
in the middle portion of the bulk to keep the
bacteria alive and which are needed in fermentation.
Cover the box with sack on the top portion to keep
it moist aud to prevent drying,

On the 4th day (4th-5th day) transfer the beans to
the 3rd box, the same procedure as on the 2nd box.
These beans will stay for 2 deys in this box. Tha

temperature ranges from 48°C-49°C,

.b\)
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7. Transfer rhe beans on the 6th day to the 4th box,

' (6th~7th day). Sone procedure ig to be done as in
the 3rd box. On the 7th day, cooylct a cut test
on the beans, to gee if the bemms nfe fally
fermented or not, If not, kcep the box covered
with sack, extending the stay of thelcans 1in the
box 1f neecegsary, but if already fully fermented,
remove the sack cover. ‘this is to reducc the
continuous build-up of temperature due to
bacterial action., seong svay for 2 days,

8. On thke Bth day, transfioer the heens to tre drier

baed for drying.

Factors nffco-ting fermentaticn

1. Duration (tiie factur) of pod brealilne from
harvest. That is, 4f it 15 stored bLolore
peocessing,  If poel Lrocking ig Jdelayed for
about 5 -6 dnys, cncto pods Lecene sumewhat
debydrated,

2. Vardiety of cacao -~ different varicries have
different levels of zupar content that affact
the ferméntation procuss,

‘3. 8ize of Leans and qualxty of beans,

Chenpus that nceur in the Lo derdng forsantiacion

1. Brealk!lcun of pulp vith drodney. of sweatings
(fornentation pulp witvars to alcevhol occurs with
the vl in tenperature),

2, Adr access to the surface of the mass Lrought about
by nixing the noss,

3, DBacterial cxidation of aleohel o acctic acid with
further rise in terperature,

'

4, Deah of vean lue te tenperaturce rise and which

results {n chang: of sced color,
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‘5, Development. of chocolate aroma and flavor,

Drying #8 important to prevent mold growth during

subsequent storage.

There should be 2 drying beds in' the drying section.

the first bed i for skin drying while the second bed is for

final drying.

first bed

Secound bed

from fermentary bex, the beans are

laycred on the bed of same level and
thickness. The beans are turned cvery
hour by padiling equal distribution

of hent and uniform drying. Mixing
prevent clustering and bulking of beans.
The terperature is maintained about
150-160°F. The beans stay here for

24 lours.

the beans jm here aruv aluost dry. They
are alsc layercd in the bLed of same

level and thickness. Turning and mixing
takes 3-4 hours intervel. The tempcerature
is lowered to 140°F-150°F. The beans stay
for 24 hours drying. Conduct a moisture
content test. Moisture content should

be 5~7 before storing.

sacking/Sorting/Groding

Dried beans are then sacked and weighed. Weight

thould be recorded aund endorsed to the warchouse for

recording purposes.

Unresorted heans are the classified accordingly, at

she gortingarca.

Thoy ara claselficd as Class A, B, C, and D.
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ClBBB.ﬁ -~ 100-110 beans per 100 grams of beans
Class '« J’7-150 benng por 100 grams of beans
+-Clasg C "= wazbed banss or infasted baoas o
Claga N = Trier

Dl - Nibs

2 -~ Tlat bcans and small beans

Ifter sorting, sorted and .classificd beans are sacked
in' a jute sack ready for market,  Sncks used are treated,
drenched with systenic insceticide Zute Decds at 10 ce per

1C liters of water or sprayed at 5 ce per 10 liters of water.
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-.AGRONOMY OF SOYBEAN»!'-

IOLITA N. RAGUS
Supervising Science Research .:pccialiat:
Crops Research Department ,
PCARRD, Los Baiios, Laguna
INTRODUCT ION
Tradxtionally, soybean, which contains about 40-45% protein and
ZOL oil, is grown undﬂr upland conditions. With extensivc land

itilization, the groﬁing of soybean is extended, i.c. intercropping

with coconut and sugnfcanc'and lowland rice-tesed cropping pattern.

Various advantages are obtained from growing soybeans. Being
& leguminous crop, it is capable of fixing stmospheric nitrogen te
reduce the plant’s dependence on supplied W from fertilizers. The
feced industry utilizes soybean as oil mcal for poultry and livestock.
It is a highly nu*ritious food mostly iu the forms of soymilk, 'tahu’
and 'tokva' in the Philippines. 1t becomes a raw material for making

of dyes, synthetic resins, lacquers, glues and paper coating.

The reported potential yield of soybesn in some experiment
stations in Los Bafios, La Granja, Ilagan and Tupi is 5 MT/ha. lowever,
the material average yield remains below 1 nt/ha. The ficld performance
of soybean is influenced by three factors, namely, senotype, cnvironment
and panagement. Proper knowledze on the appropriate interactions of
these three factors would be vital in increasing soybean yield under

farnm levels.

THE SOYBEAN PLANT
Soykesn, similar to most crops, have two major growth stagus,

namely: the vegetapive and the flowering or reproductive stages.

The veogetative stages of the scybean plant covers about six to
xight weeks. This period is Lutween scedling energence and the appearauc

>f the first flower,

L/

Lecture for the XIV Internaticnal Forum on Soil Taxonomy and Agrotoch-
nology Trensfer for the ASEAN Region held on March 3-20 1986 at PCARRD
Headquarters, Los Bailos, Laguna.
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Being a short-day plant, the span of vegetative stage and the

onget of flovering depends on its photoneriod sensitivity. llost e

varietics start to flover whan the daylength bepins to shortem.

The amount of yegetntive occurrin: after the beginning of
flowering is also inflqcuced by the growth habit of soybean. Growil
habit of soybeoan may be deterninate or indeterminate. The deterndnate
types are those in which vegetative growth ceases once flowering has
commenced both dowmwards and upward from this portion and both stems
usually terminated wich a cluster of pods, The indeterminate types,
however, start flowering at the 4th or 5th noda. TFlowering progresses
upwards, They continue growving vepaetatively aven after flowering has

started ana the rain stem usually ends wich a leaf.

The waturity range of soybean varja:tics in the Philippines is
from €0 to 120 days. The reported time from gerodnation to wmaturxity
in wet season is longer by 10 days anong early varieties and 30 to 35

days among thz late varietics than in the dry seacon!

Knowledge of the different stages of growth in soybean would Lo
very uscful in determining the proper cultural management needed to
attoin the sotential yicld of soybean under farmers' field conditious,
Table 1 provides the general culturai nanagement recommended for the

growing soybean plaut till its harvest time,

ACROCLIMAT *C REQUIREMENTS

Soll Factors
Soybean 1is reported adaptable to a wide range of soil

types, llowever, moderately {ine, well drained and fertile soil
{sandy loam to clay loam) with high calcium content 1s preferably.
Soil pH 5.8~6.5 is suitable for Loth goybean and unitrogen-fixing
bacteria. pk range of 6.0-5.5 is houvever, the optinum level for
satisfactory blological activities of soil organiswe for nicrifi.

cation, symbiofic nitrogen fixation and decompesition of organic
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Table 1. Essential Eultural mangement during the different stages of

' . growth.

]
GROWTH STAGES | CHARACTERISTICS
1

CULTURAL ANAGEMENT

Germination and
emergence

. Unifoliate leaf

4~Trifoliate
leaves to
beginning of
flowering

tild--bloon to
€ull bloon

Beginning of
pod develop-
ment

Rapid growth
to green
bean stage

Approaching
maturity to
full maturity

Seedling cmergence

from the soil

Nutrition of -
seedling

Branching occurs

Photosynthesis
active

todulation active

Subject to effect
of daylength

Flowering
Flower abortion

Pod sctting

Photosynthesis
active

Period of dry
matter accumu-
lation

Grouth & seed to
maximum size

Shcdding of leaves

Loss of wmoisture in

the seed

1.
2.
3.
4.
5.

l.
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.

Good seedbed preparation

Depth of planting at 3-4 cu
Adequate weed control

Adequate moisture

Seed protection with fungicide

Fertilizer should be in band
3-6 cm to the side and slightly
below the seed

No direct contact of fertiliger
with the seed

HWeed control

Correct spacing and plant
population

Control € insccts

Weed control

Proper nutrition

Proper pll of soil

Pest control

Planting at the right scason

Proper moilsture

Correct plant population to get
adequete pod height from the
ground

Adequate nutrition

Weed control

Pest control

fidequate nutrition
Proper spacing and planting rate

Weed control

Adequate moisture

Pests and discases control to
prevent defoliation

Harvesting at 137 woisturc in
the seed
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.matter. When pld is belov 6.0, apply 2/3 of lime
requirement 3 months before planting and the remaining

1/3 just befora the last harrowing (table 3).

2, A.generalizcd lining tablc to adjust initial soil pll to pH
6.0 (Frou FR for Soil Fertility and lianagement, 1833)

R R A JUNT OF LIMESTONE (CaCo.)(t/ha) AT DIFFERENT SOIL TEXTURE
- ) g 4 F] t

INITIAL . : ;

SOIL pIi ¢ SANDY  ISANDY LOAl §  LOANM 'SILT & CLAY LoAlt |  CLAY
1 § i 2 -5

4,0 2,0 3.5 4.5 6.0 7.5

4.5 1.5 2.5 3.2 4,2 5.2

6.0 1.0 1.5 2.6 2.5 o 3.0

Climatic Factors
Tauperature, lipght intensity and rainfall distrubution

directly affect the soybean performence under ficld conditioms.

Soybean grows best in areas characterized by less rainfall

during the wet season and only a short day session,

A temperature range of 22-30°¢C gppears to be the optimum
temperature requirement, At a fairly low temperature, emergence
occurs late aad very slowly, the scedlings are likely to suffer
from the attack of microorganismc and the crop is a poor wecd
competitor. On the other hand, Ligh temperature adversely

affects prowth, grain yield, oil yield and oil quality.

Light is an important factor im photcsynthitic activities ¢
a soybean plant, Low leaf area index (LAI) allows the light to
penetratc the lower leaves contributing to the total dry matter
production, Uil LAT reduces light i-netration. Under shade
conditions {40-S07 lighr rcducticn), pod abortion (287) and
sccurren ¢ of diseases like powdery ::ildew end Cercospora are

observed.
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Soybezn grows bust iq‘a humi@ élimate with plenty of rain
auring the growing season and a dry weather during ripening. For
opticum yield, the total requirement of soybean 1; 500=700 mn of
vater. Sufficient woisture is verj immortant in these growth
stages, namaly: germination, flowering and pod-£111ing stages.
In arees of the Philippines where a raluy scason starts toward
the cnd o iay, pldnting time should not excead wid-Jenuary to
cnsure that naturity and harvesting of the crop will not coincide

with the start of railny season in liay.

PRODUCTION REQUIREHENTS

Selection of Varieties

. The desirable characteristics'of varieties to be selected
for planting are high bean yileld, carly maturity, non-seasonality
resiscance to tolerance to pests and discases and high adaptaliit

to the prevailing solls and climatic conditions in the country.

Land Preparatiom
Good land preparation is important in-good seed germination,
seedling emergonce, stand establishment stages and plant growth

during the carly groving period.

Under upland monoculture, the fields arc usually plowed
and harrowed two or more times when using a carabao-drawn
plow and harrow, With a tractor pulled or mounted plow and

harrow, one plowing is enough and two harrowingSmay be sufficient.

In rice-based cropping system under rainfed lowland
conditions, converitional and zero tillage are commonly practiced.
In conventional tillage, the usual nuwber of the plowing and
harrowings donc in upland swnoculture are adopted. In zero
tillage, no land preparation is dome prior to the growing of the
next crop. The procedures folloved 4aclude (1) drainage of paddy

at least two or three days before tha rice harvest (2) construction
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of shallow drainage canals along levees tc improve surface

drainage and prevent waterlogging and (3) opening a furrow and

drillihg of the secds.

Higher net xotusns due to reduced labor cost
from .eero tillage than conventionrl tillace nay
be practiced. Vhen scil moistgre is not limiting, or irrigations
can be provided, however, conventional method of land preparation

can be used.,

PLANTING

Tiue, Goybean is normally considered as an upland crop. In
arcas vhere irrigation 1s limited and soybesn is grovm under rainfed
conditions, planting and cultivar selections may be basad partly on
rainfall patterns. In the tropics, soybean is grown in either or both
conditions: wet season upland, dry scason upland and paddy following
rice. In rice-based cropping systcms, soybean is grown in either

patterns: rice-soybean; rice-rice-soybean or rice-soybean~soyboean,

Soybean,a short-day plant, flowers ouly vhen daylength is
shorter than its critical daylength in the Philippines, the dry scason
planting starts in October until the first week of November if enough
moisture is available. During wet seasom, soybcuan is planted in the

later part of iay and in the whole of Junae,

Rate. The plant populatimn and arrangenent required to glve
complete ground cover Jepend on plant size which is a fraction of

soybean cultivar and its growing conditions or scasons.

Short statured varicties usually producc their higheat yields a

closer spacings, than those required for tall growing cultivars.

In tropical countries, the planting rate recomendnations for
early maturlny short iwowiny varieties range from 200,00 to 600,000
plants/ha with row spacing of 30 to 50 cm. In contrast, planting rate

for late maturir; sallav vardeties range fron 200,000 to 400,000
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Population density requirements depend on the growing season of
soybcan. In te Philippines, seedinyp rates for early and medium.and la
mat iring varieties are higher during the dry scason and lesser during
wet scason (Table 3)

Table 3. Recommended sceding rates and planting dates for the

Philippine Seedboard Soybean varictics (Prom PR for
Soybean, 1986, in press).

VARIETy [PLANIING | SEEDING | RATE | POPULATIGN} DENSTTY
i UONTH ! Kg/ha i SEED/HA [PLYS/M ROY | PLTS/HA
1 1 4 ] |3 1
UPLB Sy ~ 2 May-June  56-60 22 1¢ 300,00,
Oct. or . : ,
late Feb. 75-80 22 24 490,000
BPI Sy-2 Hay~June 56-60 22 18 300,000
Oct. or
late Fub, 75-80 28

24 400,000

Seeds are planted 3 to 4 cm deep.

WATER MNANAGEMENT

Soybesn is reusponsive to irrigation aspeciaily at its
reproductive phasg., The recommended water depth is 40-60 cm per
season. The first irrigatiqn ;s done‘ufter planting. The other

remaiqing are applied during the period of blooming to pod-setting,

FERTILIZATION

Soil analysis is rucommended to be done prior to soybean plantin
to determine the type and rate of fertilizer to use. In the avsente of
this procedure and during dry scason cropping, the goybean planted a’te
corn or rice is fertilized with three bags ammonium phosphate and oie
muriate of potash (24 kg N, 30 kg P205 and 30 kg K20). If thesc fertil
are not availabla, use of 4 bags of complete fertilizer (l4-14-14) can
be d!ne. If seeds are properly inoculated with rhizobia, application of

30 kg PZOS/ha and 30 kg K20 may be sufficient,

The fertilizers are applied evenly in the furrow and covered witl
2 or 3 cm of fine soil. The sccds are then drilled above he covercd
fertilizers. This practice makes the fertilizer recadily available to -

tha renta ~% tha youn., gseedline.
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INOCULATION | . ) o
Soybean is estimated to fix 17-124 kg N/ha/year vhich is
equivalent to 1.7 to 12.4 bags of armonium sulfate. This wide'range'

indicates -ifferences in effectiveness or capacity of the symbiotic
gystem to fix nitrogen. In order to assure in getting maximum benefit
from ihe iag:wi-i" 2-obla symblonic, inoculation of sceds must be doae

to put ia the right rhizobia to the soybean seed.

Rbhizobia can ba introduced by seed inoculntion or by soil
inoculation. Under seed inoculation, three methods are used, namely:
dusting, slurry inoculation and sced pelleting. In dusting, the
inoculant is mixced with the seced. This metbod, however, 1s not
;ecommendcd because moct: of the inoculant falls off from the seced.
Slurry inoculation involves adding water to the inoculant to form a
slurry and mlxing it with the sceds or the sveds arc moistened prior
to the application of the inoculant. For cffective coating, an
adhesive gun as gunm arabic or methyl cellulose is used instead of
water. Sced pelleting has been used to overcome problems in soil
acidity to protect rhizobia inoculated to dry secds grown in dry
s0ils and to protect inoculated seceds from coming in contact with
superphosphate. Pelleting is done by coating of the seceds with the
slurried peat inoculant containing adhwsive and then coating the
moist inoculated seed with Einely ground 03003 (300 mesh) or a special
prade of rock phosphate or dolomite. The other method, soil inoculati
allows the introduction of high numbers of rhizobia., It is also
recommended when sceds atre treated with pesticides which may be toxic

to the rhizobia.

The legume inoculant is prepared by mixing a broth culture of
Rhizobia with a suitable carrier and incubated for two weeks to have
, a population of approximately 109 cella/g. A mixture of soil, charcoa
and wood ash is found a suitable carrler. It is also recommended that

9

inoculants should centain 10U to 107 cells/g at the time of sale,
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. Two weeks afger planting, observatilons on positive indications
of the success of inoculation arc dona. The failure of iﬁoculntion
1ndic;téa 5& the yellowiry -of tﬁe soybean leaves can be causad by aﬁf
of thé—fol;owing: .

1. The dnoculant way bo ineffectilve, non-viable or unsuigc& ;
for the varicty.

2. Thne soil condition may be unfavorable.

'3. The soil has a high population of effective and competitive
Rhizobia for the legume under cultivation,

4. The host or the bacteria are limited by the lucklof some
nutrients, .

5. Presence of soil microflora antagonistic to rhizobia,

WEED CONTROL

The ten most commonly found weeds of soybean in the Philippines

are Rotthoellina exaltata L.f., Ipomoes triloba L., Elcusine indica L.,

Fehincelrg colona L., Amaranthus spp., Digitaria spvn., Commelina

benghalensis L. Boerhavia crecta L., Cynodon dactylon, Uyperus

rotundue L. and Fortulaca olaraceae.

The couron methods of controlling weuds are:
1. preplant land peparation
2,' handveeding
3', interrow cultivation
4, off-barring done 14-18 days after sowing
b, hﬂiing up done 26~-34 days after sowing
4, 'mulching with rice straw and other crop resi

5. chemical control

Combinations of some weedicide and cultivation yield results

comparable with that of the handweceding (Table 4).
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Table 4, Soybaan yield as affected by Jifferent weed control methodel/

_(From Robles, 1965).

2/ H TIMI OF APELICATION J YIELD

HETHOD™ : DASE ! (t/ha)
lietibuzin (0.5) + PE + 20 i.47°
handweediny .
0ff--barring + handveeding 14 + 28 1.43°
+ hilling up 4 x until
40 DAS
Handweeded check e .. . 1.(02a
Butralin (3.0) + PE .= 20 . 1.41°
handveeding
Handweeding | 20 T P
Metribuzin (0.5) PE " 0.96%
Off-barring + hilling up % + 28 0.92%
Unweeded 0.75d
Butralin (3.0) PL . o.88¢

l/In a8 colum means followec ot a common letter are not
significantly different at 5% level.

Z/Herbicide rate in K¢ ai/ha in parenchesis

3/

='DA3~ days after sowing: PE = pre-emergence

DISEASE CONTROL

Common soybean discases found in the Philipplnes include soybean

rust (Phakopsnra pachyrhizi Syn). bacterial pustule (¥enthomonas phaseoll)
(E.F. Smith) var sojinsis (lledges) Starr and Burk, soybean mosaic (rod
like virus), damping-off and root and stem rot, blight, wilt (Sclerotium

rclfsii, Rhizoctonia solani ) (Curcospora kihuchii) (T. latsu and

Toworyasu) and authracnose,

The most practical and cconomical discasc control measures are

usa of vesistant varicetiecs and sanitation.
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INSECT CONTROL

Important insect pests of soybean are beanfly (Ophiowyir phaseoli)

{Tyron), leaf miner (Stomopteryx subsccievella) (Zeller), common cutworms

(Srodoptera litura) (Fabriciuc), ophia (Aphis craccivora Xoch and «pais

glycines Matsumura). coffee leaf folder (llelicoverpa armigera Hubner),

corn semi-looper (fﬁffff@Pifia chaleites) (dsper), bean pod borer

(llaruca testulalie (G.yes), bean lycaenid (Catochrysovs cncjus Fabricius)

and leafhoppor: Mipcnaey bizitrula (Ishlda),

The common way of controlling then 1is by use of chemicals
recoumended by the manufacturers. Example 1a azodrin 2022 (2 tbop/20 1)
for control of beanfly, leafmincr, aphids, leaffolders, and ccnmion

cutworn,

HARVESTING

Soybean is harvésted when thu}baven have fallen off and pods
are fully dry (about 89 days after planting during the dry season),
It mry bc harvested vy cutting the stalk at the basé and by mechanical

harvesting in highly com .2rcinlized farms.

OTHERS

Soybean Pilot Production Prograwm

This program was launched on D.cerber 1963 by PCARRD,
UPL3B, CLSﬁ aud HMAF with financing by NSTA to boost thu national
soybean production. In gencral, its objectivas are (1) to
identify and asscss additional potential areas for the
comuercial planting of soybean, (2) to prowote the comercial
planting of soybean In arcas with couparative advantage over
othex traditionnl cropa (3) to evaluate the applicability of
current soybean production tuchnulozics under varlous apgro-

climatic cuvironm:nts.

The four wnjor activitics »f the prograi involve (1) seed
productivn/muleiplication, (2) piiuting of soybean production

technologles for post-rice soybean monoculturce and corn-guybean

vy, dro v

TN e e L ases s e e Y Y ety agadstance.

v
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- PCT/Facksge of .Tefhnology
The progrem is basically a one-crop-one season activity

using the recommended package of technolagy (?0T) for wsoybeauns.
Under favorable conditions, this POT is estlmated to produce
1.25~2.90 w.t. soybeans/ha. Generally, the POT uses introduced
and/or davalopued dnh y221d4ay suybean varicties and pood
quality sceds, is designed for diy scacon cropping in areas with
complete or partilal irrigatiou; uses incculants cither singly or
in combination with inorganic fertilizers and works well under

light--to-mediun texturced soil with e pi 5.6-6.5.

Th= average yield pr hectarc increased from 678.12 kg 1In
1983--84 to 825.03 kg in 1984-85 (Tabic 5). Although the yields
were still way below its potentilal and are unstable, soybean
production in the two pilot sites, continue to slowly grain
headway 1n beconing an important component of the area’s existing
cropping systems. Planting soybean after ricc at the end of
the rainy season has been constantly drawinp favorable respouse
fron many farmers' group.

Table 5. Averape yicld (kg/ha) £ soybeans in two locations,
188304 ond 1984--85 croppings.

HEAN YIELD/HECTARE (Kg/ia)
DRY ZLASON 1963-1984 7 DRY SEASON 1984-1985

PIOOL AREA

SU——

Nueva Eclja 1,172.80 832,85
Cagayan 191.60 750.18
AVERACL 688.12 825.03

Generally, soybean yicld in Nueva Ecija vas consistently
hipgher than thos: obtained in Capayun due to the greater
availability of Irrigation water durlng the growing period of
soybueans, llowever, tae cost of productlion in Cagayan was cheaper
by 427 (Table G), The difference lics in lower labor cost ond

land rental and lesser application of chemicals, fertilizers and

irrigacion water in Cagayan, Concequently, Cagayan Farmers recleved
N
b
P e T RS dry genson. 2
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Table 6. The average costs and rcturns per hectare of soyboans in
Nueva Bcija ond Csgayan, DS 1984-85

T A L
I T & M ' NUEVA ECLJA !  CAGAYAN v AVERAGE
1 L i
GROSS INCOME (US $) 433.08 420,10 420,92
-~ Average yleld/(Kg/ha) 832.85 790.16 825.03
~ Average buying price/ 0.52 0.54 0.52
kg (US 8) ‘ :
COST OF PRODUCTION (US $) 306,78 177,13 278,24
- Variable Costs ‘ . '
Labor 86,55 64,29 82,52
Sceds 28,28 23.00 27.30
Fertilizer 53.94 47.00 47,75
Chemicals 33,67 11,00 29.51
Irrigation 22,67 0 18.49
- Fixed Costs
Laud rental 71.56 23,39 62.73
Deprecie:ion 6.57 $.97 7,13
Interest on loan 3.%4 0 2.00
NET INCOME (i% $) 126,30 248,97 150,78
COST PER KILO (US $) ==£5:’J£Z -3 E. 1+ uuoﬁgé
Bmvm‘ YIELD (KG/}{A) 15:2233:: axaosr: 2:3:5-“-

*Estimated current landed cost of raw U.S. soybeans = US $0.32/kg.

“\
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THE AGRONOMIC AND CULTURAL PRACTICES OF TvE OIL PALM
(Elaeis guincensis) IN MALAYSIA—

HEW CHOY KEAN
Plantek (M) Sdn Berhad
Mnlaysia

HISTORY OF INTRODUCTION AND CULTIVATiON OF OIL PALM IN MALAYSIA
Growing and planting of oil palus in South East Asia (Far East)
stuited with the introduction of four seedlings from Reunion and:
Holland into Jawa in 1848, From these fou; éeedlings planted at fﬂe
Botanic garden in Bogor, the oil palm (Elaeis guinéénsis) spread. .
through Jawa (Banja Mas) and Sumatra (Deli) to Malaysia in 1911-17,
Commercial planting of oil palm commenced in the late 1930's (1938)
with About 30,000 ha planted nainly in West Coast of Penizsular Malayeia
Expansion of oil palm planting in Malayuia started after the Sccond

World War and achicved tremendous monentum from 1960. The ex*ent of

cultivaticn of oil palm in Malaysia 1s shown in Table 1.

ORIGIN AND NATURAL, HABITAT
The type of o1l palm introduced and planted is the Elacis
guineensis which is native to Central West Africa; in Nigeria, Zaire,

Caneroon, Equatorial Guinea, Guinea, Chana, Ivory Coast and Angolia.

In Africa, the fresh water swamps and fiver floodplains have
been suggested as the natural habitat for the oil palm which cannot
tolerate permanent flooding or stagnant water but appears to be
tolerant of fluctuating water table and moving water in riverine
alluvials, However, it has also becen noted that oil palm, probably
due to man's doing also grows in forest fringes or in forest areas

which have been cleared for cultivation.

The o1l palm, nainly by thn act of man, has now a wide distribution
and ean now be found in almost all the equatorial countrics in the World.
Within 7° of the equator and in some exceptional areas at higher altitudes,
the typical African oil palm (Elneis guinpensis) has been cultivated

fairly extensively.

l/Lecture for the XIV International Forum on Soil Taxonomy and Agro-
technology Trensfer, Philippines, March 3-20, 1986.
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Table 1. Planted Arca Under 0il Pelm In Peninsula Malaysia (In Hectares)

1 L] T
YEAR | NATURE | ToaRe E Pm‘;ﬂén
1960 40,024 14,610 54,634
1961 © 43,302 y 13,841 57,143
1962 . 46,175 15,904 62,079
1963 49,073 21,957 71,030
1964 52,436 30,764 83,200
1965 58,544 © 38,403 96,947
1956 . 65,860 ‘ 56,843 122,703 |
1967 74,992 78,618 153,610
1968 92,104 96,661 190,765
1969 ' 115,386 115,790 231,176
1970 , 138,902 122,297 261,199
1971 169,482 124,667 294,149
1972 208,129 140,612 348,741
1973 250,330 161,732 412,070
1974 290,291 209,953 500, 244
1975 340,971 227,799 568,770
1976 - 403,157 | 234,460 637,617
1977 490,676 221,326 712,002
1978 348,400 90,500 438,900
1979 382,700 80,700 463,400
1980 407,800 87,600 495,400
1961 440,400 110,600 551,000
1982 - 470,800 163,800 574,600
Note: (@) =~ ‘Estimateé Source: 1, Dept‘. of Statistics

2. MOPGC
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In Malaysia, the oil palm has been planted as commercial groves
(smallholder) and on plantations from the coastal plans to the hills
-and sometimes nountain, on all kinds of soils and terrain, bit the
coastel pledn with riverine and marine alluvials are the preferred

situation and location.

BOTANICAL CHARACTERISTiCS-ﬁnD TIPRBS
The o1l palm is a large feather-palm hav'ing a s;fngle columﬁar trunk
(stem) with short internodes. It 18 quite like a coconut palm bﬁt cen be
distinguished from the coconut paln ty the much larger number of leaves
with pcinting leaflets and persiastent leaf bases which are closely
adherent to the trunk (stem) during the first 10 to 15 years of its life.
The palm is normally monoecious with rmale or female but sometimes
hermaphrodite infloresconces borne on short stalks (compared to the
coconut inflorescence), fn the axils of the leaves., Each leaf nornally

gubtends an inflorescence in its ux1) and there are about 50 leaves on

the palmn.

The sten (trunk) is usually straight and upright except in soils
which provide poor anchorage, as in deep peat or organic clay/umuck.
The trunk, depending on the variety, normally grows about 40 to 60 cm in

a year,

Leaves are borne and arranged In two sets of spirals or
parastichee (phyllotaxis) to the stem; eipght running in one way and
thirteen in the other. Such arrangement (or phyllotaxis) is deseribed
as (8 *+ 13). This is well shown in the pruned trunk. The spiral can
be left or right handed. Leaves are persistent and normally adhere
to the trunk until after 10-12 years when the bases become rotten and
decayed. Number of lecaves produced increases between 30 to 40 at

5-6 years, thereafter decline to about 25 per annum. 2 '

The roots of the oil palm arc fibrous and adventitioug. Roots
are of four sizes; the primary (5-10 mm), gacondary (1-4 tm), tertiary
(0.5-1,5 mm) and quarternary (0.2-0.5 mm), The primary roots arc mainly

anchorage and grow either vertically or horizontally, Secondaries arise

v
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from primaries, and the tertiaries from the secondaries. The tertiaries
and quartcrnarics are feading roots and ramify the soil surface in the
upper topsoil. Density of roots in the top 40 cm of soil usually
decreases with distance from the palm and root may extend to over 10 m.
The greatest quantity of roots is in the top 15-30 cm‘and within a

radius of 3.0 m.

Roots of all classes respond to environmental condition or
cultural practices and grow towards water and nutrient supplies.
Hance, density of roots (all classes) is greatest in fertilizer
application zone, leave/frond heaps or under good legumineus covers

(diagram or root distribution).

The inflorcscence 1s a compound spike or spadix and the
flowers, male or female, are borne on the spikelets or spadix., The
inflorescence has a stcut stelk or peduncle abeut 45 cm long and
spikelets are also arranged spirally around the rachies., There are
several thousznds of female flowers and tens of thousand of male

flowers in an inflorescence.

The fruit 15 a sessile drupe varying in shape from nearly
spherical to oveid or elongatad., TFrults consist of outer exocarp
(or skin) and mesocarp containing fibres, moisture, solid and fats,
oil protuein, gums, carotenolds ete. and endocarp (shell) of lignified
material enclosing the kernel. According to the pigments in the
exocarp during ripening, the frult types are named nigrescens (black
to orange red), virccens (green to light orange), albecens (ivory to pale
yellow). There are also intergrades - rutilo, rubro ni:rescens, albo-
nigrescens and albo-virescens. According to the thickness of the shell,

tha fruits hagaé been classed into 3 varieties.

.bura - thick shelled, 2-8 mm and no fibre ring.
Tenera - intermediate thick shelled, 0.5~4,0 mm, thick fibre ring

Pisifcra -- shell-less, fibre ring way be present.
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Commercially. planted varieties wpre, until recently (after

1960), Duras or mixed Duras and Teneras. After 1860, wmainly Teneras,

which is a hybrid Letween Dura and Pisifera were plantéd.

Recénfly; intercsts on the other oil palm 8pecias have 1ncrease
dne to its slow growth in huight. The American oil palm, Elaeis
oleifera, uhich is native to Latin (Central) nnd South America Mexico
Honduras Guatcmala. Panama Guiana, Costa Rica, Surinam, Brazil and
Columbia is more tolerant to'diseases and has higler content of
unsaturated fatty acid. These palms have been called E. melanococea,
Corozo oleifers or Alfonsia oleifcra. They differ from E. guinecnsis
in having coiling and recumbent slow prowing trunks, thick set and
larger leeves and smaller fruits, but ruch larger bunches/inflorescence
with persistent sheaths or spathes. Their natural habitat is also
sinilar to that of the E, guinecnsis; in damp and swampy situations
or riverbanks (slide showing E. cleifcra). Of interest is the inter-
specific hybrid of this oleifera with guincensis which partakes the

characters and morphologies of both parents (slidc showing hybrids).

ENVIRONMENT: CITKATR AND SOILS

The 0il palm 1s grown in reglons differing widely in the
climatic an< .oil conditions; from drought stricken areas with
marked, extended dry season of 2 to 4 months and annual rainfall
of less than 1300 mm in Africa, to areas with well distributed
rainfall exceeding 5000 mn: snd no dry season or drought (South East
Asla and South America), and on sznds to heavy coastal alluvial clays
and on soils formed of basalt or fresh (relatively) voleenic material
(pumice and ash in Papua New Guinea), However, areas witn the

highest productions have the following climatic features.

i. A reinfall of 2000 mm (80 fns) or wore evenly distributed

through the year with no very mark.d dry season.

ii. A mean maximum temperature of about 29°-33°C (85°-~90°F) and

a mean minimun temperature of about 22°-24°C (72°-35°F),

e
]
Uy
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411, Constant sunshine amounting to at least 5.0 hours per
day in all moaths of the year, rising to 7.0 hours in

some months.

Of these climatic factors or mrameters, the most important is the
distribution and amount of rainfall/precipitntion and the annual water
deficit, resulting from thc 1ntcractiona of these climatic factors and
soil characteristics. The general relationship between water deficit
and bunch yield.in Africa (Ivory Coast) is showm 1ﬁ the following

Figure 1.

Fig. 1. Reclation between the annual water deficit and

bunch production on Class 1 soils (I.R.II.0.)

More direct relationship of rainfall on yield and production
of bunches has been investigated. Several models, incorporating the
climatic parameters and thc yileld components, have been examined and
proposad., HMore recently in Malaysia, partial correlaticn analysis
has been used to determine relationship between oil palm hunch
yields and changes in rainfall and dry spells, It has been found
using this approach (Explofatury {dentification analysis), that bunch
yilelds are nssociated with rainfall i6~18 months and 22-23 months

previous, and dry spall at 29--30 months previous. Bunch yields is



Figure 1,

Amual water deficit (immn)

600

500

400

300

200

100

Relatinn between the annual water deficit and
bunch production on Class I soils (I .R.]

1.0.)

w

10 15

Bunch production {tens/hu/ann.

20



The agronomic and cultural,..?

negatively correlated with rainfall 16-18 months previous but
positively correlated with rainfall at 22-23 months previous and
with dry spell 29-30 months previous. Although the correclation
coefficients (ubout 0,50) of these relationsnips were calculated,
the yields were not predicted and the study on the function has yet

to be completed.

The oil palm has been cultivated and planted on a wide range of
solls, ranging from loamy sant to heavy clays and fairly deep peat
and on various slopesi from flat or even depressional land to hilly
areas with slopes preater than 25°, In Malaysia, in order to reduce
cost of establishment and to minimize the difficulties of harvesting,
and erosion hazards, cultivation of oil palm is not recommended on
slopes greater than 15°, It has also been observed that physical
801l properties, like depth, texture and structure, are more important
in deciding or determining the suitability of the soils for oil palm
planting, as these affect the anchorage and penetration of the root
(root growth/development) and the water and nutrient retention

capactity of the soils.

In Malaysia, the recent marine and riverine clays, sub~recent
alluvials and a wide range of sedentary soils derived from igneous
and sedimentary rocks are found to be quite suitable for the cultivation
of oil palm. On the other hand, soils with hardpan or plinthite
(lateritic) near the surface, poor drainage and acid sulphate condition
and organic soils and sands have been considercd unsuitable and should
be avolded, Experiments have baen carried out by planting oil palm on
these soils with these serious limitations, and growth and ylelds have
not been satisfactory without any input to ameliorate and improve

these limiting conditions.

The yields and growth of o1l palm on three of these soils in

Malaysia, have been compared and are shown in Fig. 2.
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"Over the last decade or 80, attempta and efforts have beon maae
to imérgvé the cultivntion or growihg of oil‘palm’in these less
favourable soils; the organic soil (peat deeper than 1,0 m), acid
sulphat:é goils and théylaterit:ic soils. Methods and measures

employed include the following:

On deep peat greater than 1.0 m ~ Pre drainage and intensify
drainage followed by campaction and consclidation of the organic
matter using compacting machines or heavy roller, After planting
with oil palm, we and application of fortilizars including those
containing trace clements, mainly copper and ircen, are liberally
applied. In some places, application of limc or limestone dust is
also made to improve and enhsnce or accelerate decomposition and
mineralization of the organic matter. Folilar applications of trace
element solution were also found to be quite effective for correction

of such deficiencies on younger palms.

On acid sulphate or potential acid sulphate (Para acid sulphate)
gsolls, contru) of excessive drainage and maintenance of the water table
above the oxidation zone, together with the application of alkaline
fertilizers or 1liming have been found to be successful and effective

arelioration mcthods for the oil palm growing un these soils,

On the lateritic soil and saunds, rulching with capty bunches or
other vegctative or plant materials have been tricd. lore recently,
use of palm oil mill and rubbor factory cffluents have been tried and
investigations on their uses on those soils are beine continued with

increasing intercst., Results so far appear tobe quite encouraging.

PLANTING OF OIL PALM AND HUSBANDRY PRACTICES
It is convenient to divide the cultivation and planting practices

of oil palm into two acpects viz,

i. Nursery establishment

ii. Pield planting
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Nursery Establishment

Nowadays, this involves the planting of germinated

. geeds into black, perforated polybaps, usually of size 37.5

x 45.0 cm layflet. If the site is selected, usually on level
or gently sloping terrain and near a water source (a river/
atream) and space 1s available, the germinated oil palw A
seeds, normally at 5-7 days of germinatiom, are planted
directly into these polybags. I1f space is limited, or the
nursery site has not been prepared in advance, then a’
pre-nursery of small polybags of size 15.0 x 22,5 cm can be
established, und the seedlings after 10-12 weeks in this
pre-nuxsery are then transferred (transplanted) into the
larger (37.5 x 45.0 m) polybaps where they can remain for
another 9 to 12 months, Temporary shade using attap (Nipa)-
leaves or nylon netting is usually provided over these
polybags for about 10-12 weeks, after which the shade is
removed. The seedlings are watcred in large nurseries with
overhead sprinkler irrigation instelled prior to the planting
of the perminated seeds, and after the nursery site has been
prepared, About 10-25 mm of water are applied tvice daily

to the seedlings. In some nurseries, the water is applied
from extended rubber or plastic heose fitted with a shower

head. This is & more temporary mecasure.

About 10-12 weeks in the nursery, thinning or regueing
of the abnormsl and runty seedlings is carried out. The
abnormal and runty seedlingsisually could be easily identified
by thedr abnormal forms and peculiar growth habits., The
geedlinps are maintained in the nursery for about 10-12 months
before they are removed for planting in the field, Prior to
their removal for field planting, usually another round of
thinning to remove abnormal and runty secedlings is carried
out. In well established and maintained nurserdes, such

abnormal and runty scedlings should not be more than 15%.
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Besides watering, maintenance and care of the secedlings
in the nurscry. include manu:;ng and pest/diaeagg control and
upkecp.of .the ground cover., Usually the seedlings in polybags
are triangular spaced at a distaunce of 75 cm. Weeds in the
ground and in the polybags are regularly removed, usually
manually in the earlier months, at monthly intervals., In a
well grown and maintained nursory, discase incidences are
usually very low and prophylactic sprayings are not necessary.
However, insect pests are more common, especlally the
cockchafer beetles, and may require spraying for control.

Some of the more common diseases in the nurseries are:

a. Blast diseases =~ Phythium and Rhizotonia
"b. Curvularia leaf blight
¢. Anthracnose - Botryodiplodia

d. Corticiun leaf rot

These discases would normally be controlled with
- fungicidal sprayings commonly Thiram, Thibenzole, Captan

etc.

The more common insect pésts are:

a. Cockchafer beetles - Apogonia and Adoretus
b. Red spider mites - Tetranychus

c; Aphids

d. Crickets and grasshoppers

Thesc insects are-usually controlled with insect-
icidal sprayings, commonly dieldrex, dipterex, Thiodan,

Roger, Bidrin etc.

In propcrly maintained nursery, nutrient deficiencies
seldon accur., However, in nursery whera sandy soils have
jeen uscd to f1ll polybags, the more common deficiencice

ire those of nitropgen, potassium, magnesium and occasionally

A



The agronomic and cultural...l2

boron. Occasionally, toxicity symptoms, due to heavy and

‘excessive fertilizer applications, also occur.. The

nutrient requiremcntd and their levels for the seedlings

“in polybag nurseries are shown in Tables 2 and 3 and the

common manuring prcgrammes using fertilizer compounds, is
shown in Table 4. In a well mainteined polybag nursery,
seedlings arc normally well grown for planting out at

10-12 months, -

FIELD PLANTING

Field planting includes the following:

1.

ii.

111,

iv.

1.

Land preparation

Construction of terraces (in hilly terrain), drians (in flat
alluvial and swampy situation) and roade asd bridges. °
Establishment of leguminous cover erops (L.C.C.)

Lining and planting

L.nd Preparation

Methods of land preparation involving clearing and
cultivation of land commonly depend m the types and density
of the vegetation/crops grown or existing, and the soils
and terrain of the land. The vegetation to be clearad may
be natural, like primary and szcondary jungles or lowland
foreats or belukar or plantad with perennial crops like
rubbar, oil palm, coconuts or shorter term crops like abaca.
Planting cx-jungle, lowland forest or belukar is normally
referred to as new planting while planting of ex-rubber, oil

palm, coconut and other crops, as replanting.

In new planting, the natural vegetation or timber/
shrubs are first slashed (under-brushing), then felled and
stacked and burat in the drier season, about 6-8 weeks after
felling. Sometimes restacking and reburning may be carried

out 1if the initial burn has not been satisfactory. After



The agrononie anékcﬁltural....13

Table 2. bhean Nutrient Concertratior in 0il Palm Seedlings at 8 and 14 Months

(Nutrients expressed as % of dry matter)

T 1 : L '

H (] ¥ ? . ] 1 T | | ? s T

7 & wchs 14 mths ! 8 mtls 14 mthe ! 8 nmths 14 mths ! 8 mths 14 nthg ! 8 oths 14 nths
Rengen 1.44 0.94 0.20 0.18 1.53 1.22 A0.26 0.25 - .20 0.23
Munchong 1.¢1 1.15 0.19 0.20 1.54 1.31 - 0.24 0.26, J2.18 . 0%23
Serdang 1.44 1.08 0.20 0.21 1.43 1.33 0.25 0.22 2.20 0.26
No kieserite 1.54 1.07 0.20 0.18 1.53 ‘ 1.22 0.14 G.11 0.23 0.29

5% oz kieserite 1.46 1.05 0.1S 0.21 1.47 1.33 0.37 0.37 0.15 0.19




Table 3. Average quantiries of major nutrients in oil palm geadlings (gm)
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1 )

AGE : 8 MONTHS ! 14 MONTHS i INCREMENT

! [ .
; AMOUNT PFR SEEDLING (sm) f
N 2.18 5,16 2.98
P 0.26 0.88 0.62
K 1.87 6.04 4,17
Mg 0.34 1,11 0.77
Ca 0.26 1.11 0.85

Table 4. Manuring schedule for polybag nursery with (A) inland and (B) coastal soil.
Quantities of fertilizers in gm/seedling.

: DOUBLE i HURIATE OF !
t ' 1 0
GROWTH STAGE ' NITRO 26 SUPERPHOSPHATE 1 POTASH ' KIESERITE
Before 2 leaf stage No fertilizer
2 leaf to 4th month 185 gu Nitrophoska yellow or smmonium phosphate in 4.5
litre water at 115 cc per seedling at weekly intervals
(a) (8) (4) (83) (A) (® @) (®)
5 months 3.5 - 3.5 3.5 - - - -
6 months 3.5 3.5 - = - - - -
7 months 7.1 3.5 3.5 3.5 7.1 3.5 3.5 3.5
8 months 14,2 7.1 - - 7.1 3.5 3.5 3.5
TOTAL 28.3 14.1 7.0 7.0 14.2 7.0 7.0 7.0
9 months 14.2 7.1 7.1 7.1 3.5 7.1 7.1 3.5
10 months - - - - - - - -
11 months 14,2 14.2 7.1 3.5 14.2 7.1 7.1 3.5
12 months - - - - - - - -
13 months - - - - - - - -
14 months 14,2 14.2 - - 14.2 7.1 - -
GRAND TOTAL 42,6 35.5 14,2 10.6 31.9 21.3 14,2 7.0
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burning, roads and terraceés and: erosion conttol bunds or
')st;ﬁéturcs are constructed. Usually felling of the timber is
done By poweréd chainsaw ahd stacking and heaping done by
machinés (bulldozer); The consttuction of roads, terraces and
soil erosion control structures (whera slopes exceed 10-12%)
is undertaken by machines ‘aleo. Usually these operations take

about 5-6 months to complete, and weather conditions at the

'vtiﬁé of felling and burning will be critical.

In rcplanting, the old stands of rubber, oil palm or
coconut, are usualiy destumped and felled by up-rooting with
wmachines/bullduzers. The trunks or stems may then be sawn

" or cut into smaller lengths stacked in heaps or in rows, and
burnt. The old ‘stands of oil palm may be poisoned with
sodium arsenite (previously). or paraquat, Prior to destumping
and burnicg Up~rooting or dastumping of cil palm and coconut
appears to bg advantagcous because of the more complete or
better destruction € the bole and roots, which are substrates
for the colonization of Ganodorma root disea;e organisus and
breeding of the rhinoceros beetles (Ofyctes), which are
serious pests on young 0il palms in replantingél In more
hilly terrain, where destumping may not be worthwhile or

- eonvenient, trecs or palms are felled by chainsaw as close
to the ground as possible. For the destumping of the old
stand, mechanical aids in the form of winches are also
employed to pqll cut the boles/stumps. Trunks and stumps
of coconut and oil palm are usually cut into shorter lengths

gplit, stacked and burnt,

On heavy clny alluvial soils, mechanical operations
in clearing and destumpinpg may cause soil compaction and i1t
way be necessary to cross plough and harrow the field in
,order to imprgve the ;ilth and at the same time break up the

root system of the pplm;

(
’pk\
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Drainage, Terracing and Roads

On Alluvial soils and other soils of poor and impeded

- drainage which are subjected tp periodic flooding, it is

alvays necessary £o improve drainage and aeration. In

Peninsular Malaysia, satisfactory dralnage can be obtained

. . pn marine clays by spacing main drain (5.0 x 1.0 x 3.0 m)

at about 1320 m apart with sub or secondary drains (3.0 x
1.0 x 2.0 or 1.5 x 0.5 x 1,5 m) running at right angles to

the main drains at 350-400 m intervals.

On shallow peat, less than 90 cm, a system of smaller
drains, about 1.0 m deep and spaced at intervals of two to
four palm vows, has .been found to be more advantageous than

a system of deep drains dug at cvery eight palm row, to

.avcid rapid shrinkage and accelerated and sometimes

irreversible drying.

On undulating and hilly terrain with s.ope greater
ﬁhan 12°, terracing 1s nececasary. Terraces are usually
3-4 n wide and spaced at 10 m apart, supporting a density
of I&O.palms per hectare. On steeper slopes and on shallow

'solls, terracinc may be hazardous aud less desircble, as

. the parent rocks or materials (especially sandstone,

quartzite or conglomerates) may be exposed. In these areas
of lithic soils (1ithosols), large platforms (2.25 x 3,00 m)
for palm planting should preferably be made together with

other soil erosion control structures like silt pits/bunds.

Neweceys, on ef ficient road eystem for transport of

fruits and communication is absolutely nccessary and should

be well planned and designed. A general requircment 18

about 90 m of road fer hectare of planted field. This

requirement may be increased or decreased according to
the terrain and physiographic features and thé proximity

of the mill/factory. Gencrally, the more hilly and more
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it

for roads, in some cases, up tc double the amount.

..

igasected the terrain, the greater will be the requircmen

On peéat, although the general intensity of the roa
may be maintained, -the costs of their construction are
J greater because of the larger requirement for ballast,
stones or other surface and consolidating materials.

1i1. Establishment of Leguminous Cover Crops

The planting and establishment of leguminous cover
crops is a well recognized and adopted cultural practice
in ©11 palm cultivation bocause of the substantial beneficial
effects from these leguminous covers, Grewth and erop vield
have both been substantially irerenscd with the planting cf
these legumes. This is shown in the results of experiments
comparing the various ground covers in Tabla 5. Even on

relatively fortile coastal clay, lueraria and Centrosema

covers gave more than 67 higher yields than grasses over
4 3/4 yaars of harvesting. Huch larger responscs have

been obtalned with these covers in plantings on inland soils.

Table 5. Effects of covern on fruit bunch production over 2 - 7k
years of young palms on marine ciay (t/ha)
1AS 7 OF LEGUME COVER TLOT
WITH Ne
FERTILIZER ! FERTILIZER

H =TT

}OWITH ! KO :
{FERTILIZER 'PERTTLiZER |
A} i 1

" Grase 1108 110.9 92.4  92.5
Mikania 106.5 94.1 88.8 78.8
Nephrolepsis ©116.7 103.3 97.3 86.1
Pueraria-Centrosema 119.9 117.8 100 96.2

_ The nixture of leguminous covers which are commouly

being planted are;

%uercrin phaseoloides 2.0 kg/ha
Calopogoniun caeruleun © 1.0 kg/ha
Calopogonium muoncoddis 1.5 kg/ha
Centrosema pubescens 0.5 kg/ha

5.0 kg/ha
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- These'legumea ara usually sown in drills spaced at
1:5—1.8 m apart, between the pﬁlﬁiiows,'with,additionnl
"t drills sown at right angle to these drills. On contoured
.'laud,‘the seeds are sown between terraces. Seeds are
'usually pre~heated .or scarified and mixed with rock
- phosphate (usually CIRP) and inoculated with.Rhizobium,
(10 gm to 10 kg Beed) before sowing. The germiqgting L.C.C.
‘are Kopt woBd Freeé BY ¢léan -woeding either manually or with
herbicidal sprayings (recemntly) at fortnightly intervals
dnitially for the first three months, after which they are

- weeded at moathly intervals until they are fully established.

To encourage their‘establishment and development, the
YL.C.C. are normally manured with a starter dosé of compound
fertiliécr (aitrophosta 15:15:6:4), two-three wecks after
'gefmination, at the rate of 30 gm per 6 m drili, and at a
| rate of GO kg/ha, of rock phosphate (boradcasted) 3 and
6 months after sowing. Further.appiications of rock
phosphaté at rates of 150-250 kg/ha are made at annual

intervals for the subsequent two years.

Insect damages on germinating drills of the L.C.C.

and during subsequent years after initial establishment nay
be qﬁite serious, especially in new plantings (probably due
to starvation of the insects after burning of the vegetatioﬁ).
Most common of these are the caterpillars (Lamproscma),
beetles (Pagria,‘Epilachna) and grasshoppers. Sﬁails and
slugs can also cause scvere defoliation damages. The
caterpillars, beetles and grasshoppers mny be controlled with
the common insccticidca,.Bidrin, Servin (Carbaryl) and other

" chilorinated hydrocarbons, while enails and slugs can be

_controlled with netaldehyde baits at 25 kg/ha.
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"Diseases  the L.C.C. are uﬁﬁgfifxlcau common.

Tt A ' S R s .
Rhizoctonia solani secms to attach Pucreria and

’

' Calopogonium more oftcn during prolonggd wet weather.

Control measure 4nV01qu Bpraying affccted patchea with
O 2% ferbam or Thiram, A

Fipld Planting

M)

The seedlings are norwally figld planted at the ape
of ié~14 months wheﬁ two~staﬁc nursary ls used, and 10-12
moﬁﬂhs wﬁén a single~afaée nuraéry tpiaﬂted directly into
lnfgé.ﬁolybagé) ig ﬁécd:' A final round of rogueing end

renoving of abnormal and runt seedlings is usualiy carried

out prior to ficld planting. ‘These scedlings may be

- o0 . .
lightly pruned to facilitate their lifting and loading outo

vehicles and plantings in the field.

Holes as large as or. sliphtly larger than the oiza
of polybaps: are dug before planting the geadlings & them.
About 200 gm of . rock phosphate, usually CIRP, are first

applied into the planting holes., The scedlings are then

placed upright in the holes, the polylags arc then éplit

and the polythéne removed and the holes are then filled

with soil untilythe.palm bulbs are iével with the giound.
The soil beneath is consolidated fairly firmly and the Eép'
(surface) should be more firnly packed. The polfthene

(of the polybag) may somotimes be ﬁiéccd afound the pélms.

to serve as mulch and as a wmark of planting.

In the ficlds, the scedlings arc normally planted at
a dengity of 148 per hectare., The fields are lined at a
triangular spacing or system prior to planting,. and each
planting point is marked with a bamboo stick, which is

usually top/tip painted (red ur white) for easy aligning and

" “cHecking,
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L In recentyears. increaqlng attention has been given
to the density and atand of palms after maturity. It has
bpen observed that some planting materials, under more
_favourable environmental cénditions or‘better standards

of management and maintenance, showed marked Aifferential
growth at the density of 148 palms per hectarc. Inter palm
competition with these planting materials becomes evident
at 8 or 9 years after_planting..and trunk etiPlation and
reduction of crg become increaqingly severe.after the

12Fh to 13thvyear..‘It has bécome increasingly apparent
that it will be necessary to study in much greater detail
the interaction og dunsify and enQironment'nnd genetic
materials, and the adaptﬁtion of various genetic materilals
to varying environmen;al.conditions in s;ace nﬁd time. Tor
the time being, it would appear that the optimal density of
oil palm under more favourablé environmental condition and

better maintenancc in Malaysia may £all below 130 palms per

hectare after the 14th to 15th year of planting.

CULTURAL/AGRONOMIC PRACTICES

Operations after planting of the seedlings in the field are
normally consldered as husbandry, and main culFural prqcticcs in the
oil palm élartatién are:v |

a. ‘weed Control

b. Pest/Disease éoﬁtrol

c; Abl&tion

d. Assisted Pollination

e.  Pruning

f. Harvesting *

‘. lanuring

a, Weed Control
This is to establish and maintain a ground cover
condition or system which is most conducive and favourable

to the establishment and growth of the oil palms. 1In t
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Hﬁiayéia. this means thé‘cdfeiand up~-Leep of the planted
1egﬁminbué covef'drops, réédviﬁghﬁIl cbmpétitive weeds
amdggat the 'sward' in the initial yars (about 4 years)

and'eradiéating all noxious, coarse and competitive weeds

. t . . . .
(grhsses, woody and herbaceous plants and creepers) in the

subscquent years. Some of the more common noxious and
competitive weeds are the Inmerutg cylindrica, Ischaemun
8pp., Panicvu nodosum, lMikania scandens? Eupatorium odoratum,
Helastoma spp. and Clademia spp. Thgee weads are usually
controlledly spraying with various approp:iqce tvpes of

herbicides that are well represented.

Some of the comrion herbicides used are dalapon.
glyphosate, 2,4 D-amine, MSMA, diuron, paraqhat (nramoxone)

and sodium chlorate. In cocktail mixture or in seé{uentinl

‘ prograumes, thesc horbicides have been used to control

weeds in the palm circles (usually 1.06-1,5 m radius) and
harvester paths (1.5-2.0 m width), roads and drains (side)
and in gelective spraying programmes to remove the nost
noxious weeds normally in the first 2 years after field
planting ond in fields in which leguminous cover crops
have becn established. The pala circles afe képt clean
and wead free by monthly to bimgnthly manual weeding,
Subsequently, the palm circles are maintained with
herbicidal spraying and che vegetation in the interrows

or avenues arc controlled by sclective sprayinp or weeding

to remove the more competitive weeds and woody plants,

In recent years, interests have been generated in

the we of biological controi of the competitive weed viz,

HMikania scandens. The possibility of cmploying the natural

insect predators (Acniitua, Liothrip, Teleonemla, Apion) to
control these very competitive creepers is Leing exemined

and considerad.
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‘ When the canppyApfnthg crown clogea, usually at the
 5;hJor Qgh year after planting ground cover vegetation
qguully‘becomea sparse and comprises only the spade tolerant
species, which are usually soft and less competitive. These

are checked and controlled with two or three rounds of

herbicidal sprayings per year.

Much concern has been shown in the usc of hormonal
types of herbicides an& glyphosate in young plantings. The
use of formulation contalning 2,4 D-amine and 2,4,5-T and
glyphosate on palms younger than three years 'in the field
is avoided or prohibited, since severe demage on the palms
in the form of malformation and retarded emergence of the

. young leaves have been frequently experienced with these
herbicides. However, palms older than three years and those
which are well grown and robust, could tolerate and withstand
the phytctoxic effects of these herbicides (Jitﬁin the normal

and recommended rates of application of these lizrbicides).

Dense epiphytic vegetation on the trunks of the mature
611Apalms are also occassionally controlled with herbicidal
‘spraying, usually one round in a year. Care should be
excrcised in these sprayings not to damage devuloping
infloruscences with the herbicides.

b. Pests and Discase Control

The more common pests of the field palms md their

control are shown in the Table 6 below:

Table 6. Common Pests of 011 Palm and Their Control

1. Iﬁsecia

a. Night flying beetles Eat grecn ' Lead arsenate spraying
(Apogonia and Adoretus)  leaves 0.36-0.60% or Diptercx
. (0.1%)
+b. Cockchafer prubs Feed on root Rotavate and drench soil
(Psilopholis vastita) gystem, ultimately with 0.5% a.1i. of Aldrin,
killing palm Heptachlor or Telodrin
c. Hispid leaf miners Destroy luaf BHC dust

(Coclaenomenodera) tissuc
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Table 6. (continugtion)
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4. Rhinoceros beetles
(Oryctes)

e. Baguornms
(tietisa and Crema-
stopsyche spp)

f. Nettle catérpillars
(Setora and Ploneta

spp)
8. Grasshoppers
~ (Vallanga)
h. Bunch oth
(Tirathaba)
2. Rodents

a. Porcupines

b. Rats

3. Harmals
a. Elephants

b. Cattles and
water buffalo

¢. Squirrels

4."B1rda

a. Parakcet

Attack young and

. 8pear leaves lea-~

ding to bud rot
Eat leaf tissue

Eat laminac 1lca-
ving nildribs only

Cut out edges of
pinnae_'

Feed on nesocarp
and kernel

" Eat out epical bud

4is above

Feed on the young
cabbage and tender
shoots; destroying
the palm by pulling
the spear or
felling i1t

CGracc on the leaves
and tender spears

Feed on ripening
fruits

Feed on ripening
fruits

Control by eradicating
broeding sites and
grubs

Srpay with Dipterex at
1-1s kg/ha. is preferable
to lead arusenate

Lead arsenate at 4 kg/ha
or Dipterex at 2 kg/ha

Lead arsenate at 4 kp/ha
or spray with or dieldrin

Spray with Dipterex - 0.5
kg/ha and Thicdan

Bait with zine phosphide/
coconut or flour

Bait with mixture containing
rice bran and Warfarin or
Tomorin, Algo use protec-
tive wire collar

Shooting and hunting, Use
of electric wire in fencing
the boundary, construction
of large trenches or ditches
to surround the Lboundary,

He Jing and patrolling to
chase and keep away thcesa
aninmals

MteuhmsaMrmcmel
measures taken at present.,
Shooting, poisoning and
trapping may be possilile
control measures,

Not serious and nu control
Reagures teken at present.
Shooting, poisoning cnd
trapping may be possible
control measures,

+lnese are in South Axerica and-Africa




There are morc common diseases of tha field palms and

and their control are shown in Table 7 below:
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Teble 7: Cormmon Diseases of 0il Palm and -Their Control

1. Leaf Diseases and Disorder

Casual agent not known Removal of discascd spears
but genetical differen- by cutting followed by

‘2.

K: T

b.

- Crown diseésé

Usually on 2-3
years old palms

.Spear rot-Bud rot
cotplex

Usually on 2~5
years old palus

Stem/Trunk Disecase

a,

Upper stem rot
Usually on palms
older than 10
years

Root Disecase

a.

Basal stem rot
(Gancdexrma)
Usually on palms
older than 10-15
years but .5-6 years
palms arc also
affucted

Dry basal rot
(Ceratocystis
paradoxa)

Usually on 5~7

-years old palms

Stem wet rot
Usually on 3-10
years cld palm

ces in susceptibility.
Fungl aaso~

observed.
cicted are mainly
Fusarium

Causes not known but

are probably associated

with pathogenic mic-

robds-gaining entry by
prior physical/mecha-

nical damage of the
tissue/organs with

vector insect and suf-

fering physiological
stress

Caused by pathogenic
funpus Phellinus
noxious, (Fcues
noxious)

Caused by pathogenic
fungus Ganoderma spp

Caused by pathogenic
fungus Ceratocystis
paradoxa

Associated with a
disease infection of
the root; possibly
of bacteria or virus
or uycoplasma-like

organism and unfavour-

able wet soll water
regine

spraying witk 1,0% Thiaben-
dozol solution. Planting
of more resistant materials

Removal of diseased spear
or drenching the cabbage
with a fungicide

If the disecse could be
detected early (by sonic
means) trunk surgery to
excise all disessed
tissues and painting the
exposed healthy tissues
with preservatiocns or
wound dressings.

Destruction of all infectec
tissues and of the root
system of the old oil palm
or coconuts, No effective
method of control of the
palns infoeted with this
discase known.

Mo known treatment., Dead

palns removed.

No known trecatwnent
Drainage and eradication
of grass covers have been
suggested.
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" Ablation or Castration

The removal of young inflorescences and -bunches as
soon as thesc emerged or formed when-the palms commence
flovering has been termed ablation or.disbudding or castration.
Young palms usually commence to fidower at about 10-12 uonths
after field planting and ablation 1is usually carried out at
monthly intcrvals from the l4th to 27th wmonth. This practice
has become quite conmon in the oil palm cultivetion in

Malaysin mainly because of the following advantages:

1. daproved vegetative growth and those of the root

system by channelling assimilates and mctabolites
" to these vegotative organs/parts,

1i. encourages a wmore unifornm stand and e¢stablishment
of the planting;

111, wmore effective in the conrrol of bunch rot
discascs (Marasmius) and of attack by Tirathaba
caterpillars;

iv. higher yield at the commencement of harvesting
with larger and better formed Lunches with higher
oll to mesocarp content;

V. Better tolerance to attack of pests and diseases

due trn rho fmnrana? cenceble aad oot

Probably due to varying duration and time of
comméﬁcement of ablation and aiso ﬁb the irregularity in
the programme, responses to ablation {n term of higher
b;nch production and improved growth and vigour were not
conaistent or as significant in some oil palm plantings
as those achieved in some of the experiments conducted to
investigate this practice. Ticing of the programme to
coincide with the Letter rainfall nndAclimatic condition
has also been shown to Le criéicnl in ensuring and

sustaining higher inlitial bunch production. It has also

7
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been suggested that the practice of ablation 13 of more

* practical utility in vegion of low than high production and
particularly so in extremely dry condition such os obtained

* 4n West Africa in which there was evidence of improved
drought resistance duc to improved vegetative development,
including the root systen. This practicc should be considered
- for adoption' in arcas of poor soil conditions or poor growing

conditions and drier climatic zones.

Assisted Pollination

This refers to artificial pollination of the female
inflorescences mqnually or mechanically. This has become
necessary eapecially in new areas of oil palm cultivation
in which the rainfall 1is cxcessive; exceeding 2,300 mn
annually and in which there are no ulder o1l paln plantings
in' the vicinity. Inadequate natural pollination duc to
the production of higher number of female inflorescences
(higher sex ratio) of the imprcved planting materialis at
the earlier years and to the slow increase in population
of the pollinator insccts ~ until rccently, mainly thrips
in oil palm plantings - and to the heavy precipitation
prevailing in the monsoon secasons have been the caunes of
poor fruit formation and production in Malaysia, especilally
in East Malaysia (Sabah and Sarawak). The neccussky of
assisted pollination has apparently been established hy
a series of ex[;erirncnts conducted in Malaysia in the
| 1950—i960, and until rccently assisted pollination with
puffers, lance applicators and mechanicnlldusters has been
a routine pfactice in all oil palw plantations in Halaysia.
Pure pollens collected from the malc ihflorcscences, either
aleme or mixed with talcum powder in a ratio varying from
1:4 to 1:10 by weight, have Leen u;ed and applicd at regulax

intervals of onc uvery threc days on palms from the third

2\
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yedr to tﬁc'eighth or ninth year from planting with the

bianting materials presently used,

The aatural pollinator weevils Elacidoblus spp were
studied and introduced into Malaysia from Cameroon, Africa
| a féw years ago. Following fairly detailed studies on the
host specificity and their responsges to the local environme
fhese weevils mainly Elﬁcidobiua kamerunicus, were released
and are now well snread over Malaysia, Over the last year
‘or so after their relcase, the wéavils have bLeen observed
to breed and survive well ;nder the Malaysian climatic
condition and have not been inhibited, restricted or checke
in their pollination activities. These pollinator weevils
are observed to be very efficicnt in their pollination
activities, and bunch formation and thus crops or yield in
most of the oil palm plantations, especially those in East
Malaysia, have increased substantially; Ly as much as 40-60%
or 6.0-8.0 tonnes of fruit bunches per hcctare, and bunch
welzht increases of over 2.59 k;; each. Crude palu 0il and
palm kernel production in Malaysia has increased by about
24,0% and 54,0% last year (1982) to reach 3.5 million tonnes
and over 900,000 tong respectively. It has been supgested
that a substantial share of such increascs has bLeen attributed
to these weevilsg, However, it rerains to be scen whether these
beneficial cffects and contribution of these weevils over the
lon-er tern or in the near future could be sustained, since
results  oxperiments on intensive pellination (assistad)
have shown that appreciable abortion of the inflorescences an
bunch failure followed the initial high increase in fruit

bunch production; from the 40 months and thereafter,

The irmediate concern and consideration are the nutrier
drain and stress fiposed by such large increcases in the crop

or fruit bunch production. It scoms likely that in o1l palm

rwb\

(‘/
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plantation with marginal nutrient condition, such a stress
could be expected and significant depletion and deterioration

in the nutrient condition may be anticipated.

e. Pruning

Pruning of lenvés is ulgo a common ﬁractiqe in ol
palm cultivéticn and usually corrences fouf or five menths
before fruie harvcstlné begins when young palms reach the
age of about 32-36 nonths after planting. Pruning may
commence earlier, at about 18 months, to facilitatg cirdle
weeding, ablation and pcgt/discase control. Leaf pruning

is8 carried out tc:

i, facilitate circle weoding, cblation, assisted

poliination and pest/diseasc control;

41, facilitate haorvesting and viewlng of bunch
ripeness;

i1i. reduce the accumulation of rotting palm
raterials and lodging of fruits in the trmk wh
would encourage the growth and establishment of
epiphytic plants which uay cause difficulty in
viewing and inspecting of the ripening bunches.

iv. DPoussibly improve acration and evaporation in

‘ the field.

First systematic pruning 1s usually carried out whe
the lowest ripe bunch is about 60 em above the ground.
Subsequently, pruning is carricd out at intervals of four
to six months, All experiments on frend pruning and
retention indicate that maxinum yield are obtained by
retaining as many preen and funnticnal lcaves as possaible,
but the diffcrences in yields in retaining more than 40
leaves in mature oil palm planting are usually small.
llowever, severe pruning, leaving less than 32 leaves, has

a fnpid and serious depressive effect on bunch production
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and yiclds could be reduced by more than 25%, and bunch
‘weight (size) way be reduced after four months and bunch
production dropped after cight months. This has been

accompanicd by increase in abortion rate of the inflorescences

It 18 common to prune to leave at least a whorl of

" leaves ‘below a ripe bunch, with preference to ledve 2 whorls

‘of leaves below the bunch. This would leave about 43 leaves

on the palms at any tine, Timing of pruning may also Le

important h scasonal climate, It has been suggested that

“pruning at the¢ beginning of wet season should be avoided.

In pruning, the leaves are cut as closc to the trunk
88 possible with chisels or axes and in older palms with
sickles (tialaysian knife) attached to the bamboo pole,
Howeve ', care should Le taken in pruning close to the

trunk to avoid damage to the still younger leaves.

Harvesting

With uwost of the precccious materials presently
planted, harvesting could comence after 2) ycars of planting
and usually at 32-34 months in ficlds well established and
maintained, In poorer plantings, harvesting may be delayed

to 3%-4 years,

With Elacis guincensis var nigrescens, as the fruit
in the bunch ripens, the colour changes from deep purple or
>lack to reddish orange and the oil content increases in
he process. When the oil content reaches maximum, the
‘ruits become loose and fall to the ground. Because of
neven ripening, it takes about 14-2( days for all fruits
n a bunch to ripen. The fruit Lunch has to be harvested
either in an under-ripe nor over-ripe conditior., Until
ow there 18 no exact criterion for optimal ripeness and

t 16 commuon practice tu harvest when there are two loosa v
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fruits on the ground per estimated kilogramme of bunch

weight, e.g. 25 loose fruits for a 12 kilogramme bunch,

Ripe bunches are cut with chisels or axes or knives
on bamboo poles, depending on the height of palm. Generally
harvesting starts with chisel end is continued as long as
practically possible; usuelly uutil 8 to 9 years and there-
after with curved knives on barboo poles and care must be
undertaken not to dmmage any functional green leave
irmediately around and above the ripe bunch to be harvested.
Leaf subtending the ripe bunch to be harvested is usually
cut at the same time, and the cut lecaves are norra‘ly

stacked in the interrow/avenue.

Harvesting intorval is ncrmally 10 to 12 days in the
early years and subscquently, 7-10 days provided that
harvesters are availalle. Acute shortage of harvesters is
presently being expericnced in laleysia and under this
situation, Larvesting intervals have invariably been

extended to 12-14 days urs even longer.

Cut bunchos and loose fruiis are collected and
carried in bamboo baskets to a ¢ Lllection point or plat-
form ncar the roadside. On more level terrain, whe:lborrows
are Lecoming more popular, Use of drought animals. nules
(in Scuth America) or waterbuffalo (in Halaysia), has also
been made in somn plantatlons, llechenigad harvestiag end
collection of fruilt bunches are being developed and are

receiving increasing interest and aettention.

From the collection point or platform, fruit bunches
and loose fruits are transperted to the factory/mill by a
number of ways, depending on the initial planning on the
infrastructure development, The more convenlent ard common
systen involires road tramsport by trucks, tractor/trailer

and lorries ficted with hydraulic system for lifting and
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‘unloading (or tipping of the load) of the fruits. Fruit
transport by road using trucks or lorries has hecome in-
creasingly popular due to the reduction in labour require-

wont and’ to the convenience of welghing the harvested crops.

Manurino

The oil palm requires large quanﬁitieo of nutrientas,
both macro nﬁd nicrv elcments, for growth aud reproduction,
lanuring and fertilizer applicatidns are lmportant and
necesaary cultural practices to cnsure and to maintain good
grovth and crop production in oil paln cultivation. Even
on the relatively fertile cnvironmental and soil conditions
in Hala&siu, applications of fertilizers and their require~
went constitute cover 40% of the total annual field product-

don costs,

Various ustimates of the nutrient requirements and
uptake of oil palms have been carried vut in different oil
palm growing countries. In Malaysin, the estimates of total
nutrient uptake by 148 palm per hectare per annum are shown

in the following Tables 8, 9 & 10.

More recently, the requircnonts of anionic nutrients,
especially of chlorine and sulphur have received attention,
Although the contents of these clements,in the leaf have
been analyged, cstimates of thesu nutrients in the whola:

palm and in the fruit bunches have yet to be made.

The coumon technique in assessing the nutrient
requiremenfs and fertilizer nceds of the oil pali In
Malaysia s foliar aaalysis, ‘this plant tissue analysis
of leaf No. 17 in mature palms and of Loaf No. 3 or 9 in
young palms has received considurable research efforts and
studics to cstiblish the rclationrkips of the nutrient
contents In the leaf with growth and yicld and their uptake

in the palms. Sampling techniques and procedures to study
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the, sampling error, intensity and scasonal variestion of
major nutricnts have been studied and investigated and
repults of these studics, together with tho;e fron manurial
experiments, have generally confirmed the preference of this
technique tor assessing the nutrient requirements of the oil
pglm. Positive and sipnificant co;relations of the nutrient
levels with growth and yield of the oil palms, especially
those of major nutrients viz, qitrogcn, phoéphorous and

potassium, have been obtained and achieved.

The tentative criticelllevels of the nutrients

presently being employed for nutrient assessments are as

Table 8, Estimates of total wutrients uptake by 148 palms per hectare per annum

COMPONENT i kg N{ % 4{7 k3 ? 7 % ke f % % kg ?E A i kﬁca; %

1. Net cumulative

vegetative matter 40,9 21.2 3.1 1l.9 55,7 22.2 11,5 18.3 13.8 13.9
2. Pruned fronds 07.2 34,9 8.9 34.2 £6.2 34.3 22,4 36,5 61.6 0l.9
3, TFruit bunches (25 tomnes) 73.2 58.0 11.6 44,6 95.4 37.1 20,86 33.9 19.5 19.6
4, Male inflorescence 11.2 5.9 2.4 9.3 16.1 6.4 6.6 10.0 4.4
T 0 T A L 192,5 100 26,0 100 251,4 100 ¢1.3 100 99,3 100
25.0 kg P = 55,5 kg PZOS, 251.4 kg K = 302.8 kg KZO)

Table §. Estimated annual uptake of micronutrients by 148 palms per hectare per annum (gm)

f T T k]

COMPONENT i 3 : Cu ] Aa ' Mn
4 ' : . !
1. Cummulative vegetative mattex 56.32 48.84 220 .44 467.68
2, Pruned leaves . 125,80 83,80 177,62 2,960.00
3. Fruit bunches 53,28 116,92 121,36 372,96
T 0 T A L 229.40 254.56 525.40 3,800.64

Further, ti2 nutrients removed or centalned in 10.0 tons of

fruits bunches has al~c been cstimzted and are as foolows:

Table 10. Estimatc;cf nutrients removed in 10.0 tons of fruit bunches

PER TONS OF : A T Y T ¥ ¥ L ] R} ]
R N 1 p ' K LY ' ; ' [ T = 1 ioa '
BUHCHES R ! ' ! i ' Ca ; Mn ; Fe : B : Cu : Zu K Mo
Kilogrammes 29.4 4.4 37.1 7.7 8.1

Gramnes 15.1 24,7 21,5 47,6 49.3 0.084



http:3,800.64
http:2,960.00

The egronomic and cultural....33
Table 10.1 Tentative critical levels of nutrients employed for nutrient assessments

: N H D -3 K : Mg H Ca ! Cl i S ! In H B : cU
1 2 1 5] 14 kS 1 L] L4
NUIREENT H £_o0n dry matter H Ppm
14
Leaf No. 3 2.80~3.00 J.13~¢ . 20 1.30-1.50 0.30-0.35 0.30-0.50 . - i - - -
Leaf No. 17 2.75~2.306 C.16-t .18 1.00-1.20 0.26-0.2 0.45-0.55 0.30-0.50 0.20-0.24] 200-250 13-12 2-4
L] -

Tatle il: Rates and Types of Fertiliz(r Application for 0il Palm in Malaysia
Ratos of Sulphate of Asionia (1) nd iwiate of Potesh (R) reccrmended for young plantings on four najor soil groups in West Malaysia (kg/palm)

1. Sandy Icams to tandy clay ,II. Clay from basic ignecus y III. Siity clay fror shales IV. Harine clays

v [}
VEARS IN FIELD :: gigirgzla?isiamsendstone, :E rocks g g

: N H X t H ' K ! N H K H N : X
1. - 0.53 05350 0.45 0.66 0.45-.68 0.45 6-0.23 0
2... 3.6t1.36 1.36-2.50 0.68-0.90 1.36-1.60 0.66-1.36 1.4 0-0.23  0.45-0.68
3. 0.90~1.3¢ 2.27-3.41 0.68-0.90 2.94 0.65-1.36 1.60-2.04 0-0,23 1.14-1.65
4. 0.%u~1.60 2.73-3.86 0.90-1.14 2.04-2.73 0.90-1.60 2.04-2.73 0-0.23 1.14-1.56
5. '1.14-1.51 2.73-3.86 0.90-1.14 2.73 1.14-1.61 2.04-2.73 0~0,23 1.51-2.04
5. 1.14-1.21 2.73-3.86 1.14-1.60 2.73 1.14-1.21 2.04-2.8¢ 0.90-1.14 1.81-2.064
7. 1.61-2.04 2.73-3.86 1.60 3.41-3.64 1.€0-2.04 2.73-2.85 0.90-1.60 1.21-2.73
3. 1.01~2.73 2.73-3.8¢ 1.60 ' 3.41-3.64 1.60-2.73 2.73-2.86 6.50-1.60 1.01-2.73

Source: Hew and Ng
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Table 11. : ~
Rates of Christnas Island Rock Phesphate (P) and Kieserite (Mg) recommended for West Maleysia (kg/palm)

1. Sandy loans- sandy loars
froo grenites, sandstone

II. Clays from basin racks ITI. Silty clay lcams-

siity cluys from shales

IV. Harine Clays

T 7
1 1
1 t
! ]
Al

: i
] H
5 [}
¥ T
1 ]

_..-...-.--_
I S

YEARS IN and olier 21luvium
FIELLS
3 H Hg 5 : Ty 3 ; Mg i3 H g
1. 6.45-L .90 3.23-0.45 9.23-0.45 0.23 9.45-0.90 .23 0 0
2. 0.6e-1. . 5.45-1.14 0.23-0.45 0.45 0.45-0.50 0.45 B G
3. 5.G3-1.60 9.56=1.14 G.45-0.68 0.43-0.C8 .55-1.€0 0.¢3-0.95 O 0
4. 0.53-1.60 3.5C-1.60 0.59-1.14 0.£8-0.90 0.90-1.€0 0.50-1.14 0.23-0.45 0-0.23
5. 1.14-1.69 1.14-1.60 0.93-1.14 0.68-0.90 8.50-1.60 0.90-1.36 '0.23-0.45 0-0.23
5. 1.14-1.5C 1.13-1.81 0.50-1.14 0.50-1.14 0.50 1.14-1.36 0.23-0.45 0-6,23
7. 1.14-2.34 1.3¢-1.81 1.14-1.36 .90 1.14-2.04 1.14-1.60 0.45-0.90 0-0.45
S. 1.55-2.04 1.36-1.61 1.14-1.36 0.99 1.36-2.04 1.14-1.60 0.45-0.90 £-0.45 .

Source: Hew and N3
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it has also been observed and experienced that levels of
hajér‘ﬁutriéﬁts. expecidliy“of'nitrOgen and potassiun scer
to déeline with age of the palms and are also related to
goll water repgime. Thué.:it is not'uhcomnoh to observe
lower nitrogen and potassium lcvels in palmg older than

. 15-10 years and in palms growing on alluvial soilsl(on the
mnr%ng/giverine alluvial). There are also indications tha

nutrient levels could also be related to the geneticmateri:

The comon types and rates of fertilizers applied t¢

oil paln in Malaysia are shown in Teble 11.

ﬂﬁre recently, in the last few years (1984), the
results of a larpge experinments on manuring oil pﬁlms in
differing soil and climntic environments and the yield
responses of fruit bunch production to the fertilizef
applications, especially of nitrogceneous and pptash ferti-
lizers, have been studied by the Palm 04l Kesearch Iustitut
Malaysia (Foster, Mohaued, Chew et al. 1984). Response
tquations were fitted to the yicld of fresh fruit bﬁnchea
to the application nmainly of nitrogenecous ana ﬁotdsh
fertilizers at non-liriting levels of other nutrients, It
was found that on all scils, rebponsea were found to Le
related to yield level and to soil moisture aondition after
fertilizer application. Yield responsee to putash fertilize
was also found to be dependent on the petassium buffering
capacity of the soil, whilst responge to nitrogeneous
fertilizer increased with clay content of alluvial clays
end decreased with the slope on sodentary soils., In the-
absence of potash fertilizer, yields were significantly
related to the drainage condition, hor acid extractable
potassiun content, average soil moisture content of the
alluvial soils and to drainage condition, exchangeable
potassium and organic matter of the sedentary soils, 1In

absence of nitrogeneous fertilizer, ylclds were related to
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drainage condition and rainfall on alluvial soils and to
palm age, planting demsity, soil consistency and leaching

intensity on sedentary soils.

Basing 6n these responses studies, the yield of fruit
bunches and the fertilizers (nitrogenecus and potaéh)
réqﬁirémené have been predicted on the major soll types in
Malaysia. These fercilizer requirements and predicted

yields arc .shown balow.

Y FKESH FRUIT BUNCHES 1 FERTILIZER

! TONS/HA PER YEARS |  KG PER PALM PER YEAR
1 wITHoUT 3 WITH : H
'FERT:LIZER !FERTILIZER ! A

Rengam . 20.4 26.5 B 6
(fine, kaolinitic

isohypertheruic,

Typic Paleudult)

liunchong 24.1 25.5 1 1
(Very fin -,

clayey, kaolinitic

ischyperthermic,

Typic Acrorthox)

Batu Anan 15.2 23,6 5 5
(clayey, mixed

isohyperthermic

Aquoxic Tropudult)

Br.ah 23.3 26.6 4 0
(Very fine, nixed, .

isohyperthernic,

Typic Tropaquepi) ,

Selangor 25.2 25.8 1.5 0
(Very fine, mixed,

i1sohyperthernic

Aeric Tropoquept)

SOIL SERIES

re

Another recent cstimates on the nutrient inputs (Ng and Thong, 1977)
for achieving the yield potentials of oil palms have been also been given
and these are related to the taxonomic units (sul-group) of the soils
occurring in Malaysin. Thesc nutrients requirements are shown below

together with the relevant analysis data.

N
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H [] | 1 1]
SCIL : L : P : K ' Mg 1 B0 i Cus04
I ; : 1 1 2 3 1 4 ‘
Pypic Trepcpsamment 1.15-1.40 v.32-0.37 2.25-2.75 ~ 0.16=0,22 0.15-0.12 NIL
Oxic Paleacuult 1.22-1.50 0.22-9.27 1.50-1.80 J.1¢-C.13 0.G8-0.10 NIL
Typic Paleudult 1.50-1.25 9.25-0.30 2.0G-2.56 ©0.12-G.15 3.05-0.07 NIL O
dexic Trcpaquept C.45-0.0) 0.00-3.15 0.8G-1.00 C.0 G.33-0.05 NIL
Typic Tropofibrist C.330-0.45 J.00-3.15 3.00-3.60 0.0 0.12-0.14 G.001 (F)
Sz11 Snelysis LCata 3£ S0il kvalrated )
T 1 N T T ~ ) ¥ T e Y ' T T
501L 1 HCRIZON ! - ' cz - ! Nzt SO ' EXCH L4 T —5 6FEC1 ! Z L
T (em) ' ¥ ! ! ; ! A ) T VX ToMg H Ca 7 KmeX | ‘CLAY | SiLT
i i —T h 4 b 4 h | 1. ] 1 ] I
l. Typic )-15 4.5 2.60 6.17 24 124 3.1& 0.17 0.47 1.41 54.8 10.3
Trosaquult 15-35 4.5 0.567 J.14 21 176 .20 0.32 ~1.3% 1.36 47.5 15.8
3345 4.5 0.72 0.06 7 119 3.05 0.15 8‘23‘ }-47 47.6 16.2
#§5-50 ;b “0.66 0.6S 13 152 0.11 0.22 .55 .5 5.6 1@.5
2. Typic 3-13 4.G 2:32 0.239 30 153 J.05 « 0, 0.52 G.17 23.1 1
Trorosaument  lo-4o Sec .80 J.18 18 111 0.33 0.07 .27 0.21 .25.2 6.1
4153 5.0 ©.81 S.o7 22 117 0.36 0.08 3.38 3.20 - 28.3 5.5
3. Ty.ic 5,12 4.3 1.13 C.44 21 139 7.56 £.16 0.41 1.12 31.5 3.2
faieu.ult 12-33 4. 0.44 2.30 14 124 0.05 3.06 G.38 . 1.24 32.8 1.5
35-C 4.4 C.23 C.17 16 12¢ 9,08 0.08 0.41- 1.91 . 35.5 2.
4. Aeric 3-12 4. 4.31 C.42 54 355 1.7¢ 3.22 1.72 4,50 41.1 43.9
Tropaqueot 12-3¢ 4.0 2,29 J.19 40 283 J.5C 1.63 0.85 4.56 43,6 48.6
33 3.8 1.1 G.uS 26 302. 0.3% 4.45 0.84 5.24 5¢.7 36.9
5. . . : {L1% )
Ty ic =13 .3.75 35.3 1.77 22 376 0.32 1.55 1.17 3.61 81.9
Tropefibrest 315.33 3.85 43.5 1.57 40 223 0.12 0.35 1.13 0.43 £6.3
3 ~80 G 44.¢ 1.31 "1 171 AR .35 o7 -3¢ 27.9
5=5u b.lu 39.1 1.21 15 145 0.11 .35 .69 0.43 S5
Reference: A = Available
T = Total
q;\ L1 ~ Loss on Igniticp

,/
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The fertiliéet‘pgogtamneq could be npﬁlied vith mixture
ofAeﬁrﬁights.'af with bléﬁded or chemical compounds containing
more or less the same quantities of nutrients. In practice,
since ﬁoét of ‘the blendéd:or.chémical compounds do not
contain the large requirement for potash and kicseritc end "

_trace clements, appligations of such compounds have to be
| often suppleﬁented with miriate of po;ash, kieéerite and
trace element fertilizer., Usc of mixtures of these straight

fertilizers is more convenient and is frequently cheaper,

Fertilizer prograumes are commonly split into’ two or |
three rounds of applications, with applications timed to |
avold the very dry and very wet seagons. In younger pluntinés
of less than four years grown on more sandy or shallow soils,
frequency of application is increaséd to four or six rounds

in a year.

Placement of fertilizers is usually rclated to zone
of high root activities and densities. For the lmmature
palns of less than 2 years, placement near the palnm base, in
circle band between 1.0-2.5 u ol the base 1s the most
cffective. For palms thrce years and older, this should be
2.0-4,0 m and for palms over cight or nine years, placement -
could be extended to the avenuc or interrow.’since the root
system is then well distributed. However, it is cormmon to
apply fertilizers within a circle of radius of 3.0~5,.0 m for
the purpose of supervision., On flat and level lani,
mechanical application of fertilizer is being carried out,
while in hilly land, the fertilizers are naturally applied

along the terraces, usually at the back of the terraces.

Shortages, cspeclally acute and demanding of
nutrients are fairly well reflected in.dcfinc symptons
" of deficiencics. The most common of these arc deficiencies

of nitrogen, potassium, magnesium, boron and copper. The

: /l/
!/V\
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syuptoms of these ﬂutriént.defieiencieé are fairly well
described and are easily recognizeble. However, when such
nutrient deficienciés becdme visually distinct and
;gcognizable, the deficiencies are already in fairly
adyanced stage and the needs for fai:lf large anmounts of
fertilizers for corrcction and amelioraéion of these

deficiencies have well been demonstrated.

Soil analysis for asscssing fertilizer requirements
of o1l palms has been less popular and less precd se then the

foliar analysis, This 1s mainly due tu difficulty of corre-

lating soil fertility with nutrient uptake and growth factors.

The difficulty is due to that fact that (i) roots extract
autrients from three scurces: the soil solution, the
wtchangeable ions and the readily decomposable nincrals

>f the soils which are interrelated in a complex manner;
(11) a mcasurc of any of thes: sources may nct indicate the
teal availability of nutrients since soils differ in the
rate at which they release exchangeable ions; (1ii) the
tooting volume of the oil palm 1is large and thus, sarpling
ls difficult; (iv) the oil palm, being a perennial, can
:ake up nutricnts rcleased by slowly weathering minerals
ind stored these in the larga trunk and other organs,

v) physical condition of the soil such as soll structure,
01l moisture regime and depth of solum also influence,
jometines greatly, the availability of the nutrients and
‘he ability of the roots to exploit and extract these
utrients. Nevertheless, significant correlations and
‘elationships have been foundand established between
otagsiun mole fraction (Ekcha, K/CEC) and yicld of fruit
unches in Nigeria. This relaciﬁnship was further improved
hen the activity ratio in which Activitiea of K, My and Ca
nd Al werc taken into account was used. It was then found

hat potassium response was closely related in the following

¢
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Ke

w AR Ca, "+ Mge + 2.5 Ale

'

o ¢ o
where ¢ = exchangeable

If the molu fraction wus (VI 015—0 020 K status was
probably marginal and when it was less than 0.015, a
likely rcsponse was expected An activity ratio of 0.006

was considered critical.

Correlationé have also been found on Acid Sands soils
in Nigeria in which responsc ko exchangeable X were
obtained when this falls beiow the ragne of 0.10-0.20 meg per
100 gm. Relationship betwecn water soluble magnesium, in
the top-soil arnd both deficiency symptoms and leaf Mg were
also found in Coago in soils in which the exchangeable Mg

was below 0.10 meg per 100 gm and a crideal Mg:K ratio of

about 2 and below,

In Malaysiz, although a consideratle body of soil
analytical data has beea accumulated, there, are no detailed
and thorough studies on the relationship of soil nutrients
and oil palm yields and the nutrient levels in the leaf.

Some studies have been undertaken but no clear or significant
relationship. could Le cstablished, probably due to the
generally better manurial practices in the plantit):m
industry. lowever, the general pattern of the nutrient
status of the soils in Malaysia could be described as

" follows:

f
i. The generally higher nutrient status of the

parine cleys on the west coast of Peninsuler
Malaysia, particularly in P, K and Mg and
occassionally N.

1i. The very low K and Mg reserves in soils derived

from gruniteé. sandstoncs and quarﬁzites, older

and sub-recent alluvial scdiments.


http:0.10-0.20
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iil. The very low K status of soils derived from
basalts and andesites, '
iv. The variable but higher status of K of soils
derived from shales.
v. The very locw N and P status of soils derived
from pale coloured shales,
vi. The extreme acidity of acid sulphate soils and
loﬁ‘K andibm staﬁus.
vii. Tha generally low N and P status of most inland
solls derived from acid igneous and sedimentary -
rocks, and the higher P status of soils derivad

fron basic rocks.

Although measuraes of exchanmeable cations have been
widely used to indicate nutrient status, it has been found
in Malaysin that differences Letwcen soil types in this
respect are not very great althoupgh the total cations are
sometines considerable. Hence, the general pattern of
fertility of the soils in Mnlaysia, as indicated above,
has been observed. In regions where large areas are
covered with soil of more or less the same origin, scue
corrclations can be found. However, in areas where
changes in soil type are abrupt with marked changes of
underlying parent rocks, limited use can be made of
analytical data. Nevertheless, in any feasibility study
of oil palm development in new. areas, reglons or countries,
soll suitability classification with £icld and laboratory
data from soil survey is an esscntial and:sometimes
decisive componznt. The knowledge and' the interpratation
of these ficld and laboratory data in relation to oil palq
growth and production raguirement are the exercise and

the objective of this exercise.
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Agronomic Classification of Soils for 0I1 Palm Development

The main characteristics and propqrtiea_uaed to classify

solls for oil palm developmentare:

1. texture
ii. quantity of gravél or stones
111, water permeability or lack of drainage

iv., chemical composition

]

The broad and general suitability classification 1is

shown below:

Tdble 12. Soil Classification for 0il Falm

1 - 1 2 ’ 1 1
CLASS ! TEXTUEE T GRAVELS IND '+ ppirypge | CHEMICAL STATUS
i 1 STONES !
I ¢ands to clays  FNone Good Orgoanic-good
Exch, cation -
good
IIa Sanids to clayey None or very Good to 90 cm Organic - medium
little Exch. cation -
nedium
IIb Sands to clays  Some gravel Good to (U cm Exch, cation -
medium
111 Sands to ciays rnravelly Poor Orpganic-medium
Exch. cetion ~
poor
I Leached ssnd or  Very gravelly Daep veat £T Poor
very heavy very bad
clay .

It will be scen that in this clasgification, it s
mainly the physical properties of the so0il which will determine
its agronomic and sultability class. The more important of these
- physical properties arc those which influonce directly or
indircctly the water regiwe, water availability and water
retention of the soils, functioning with and rusponding to the
climatic conditions, especially precipitation. Tt should be
realized that the environmental factors for the highest product Lon
of oil palm are those concerning climatc. Jhis is not to discount
- the importancz of soil conditions in the cultivation of oil palm
but the climatic conditions provide the main frames, as it were,

from which the picture of the oil palm could be painted and hung.
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Thus, there is increasing interest in ond utilization of the
éoi; moisture regime as function of climatic condition and

801l physical characteristics in the assessment of the
suitability of the areas for oil palm cultivation. This is
tben cr should be followed by trials and experiments desisned
to cvaluate the agronomic requirements of the oil palm in thésé

arcas or regions where the soils occur,

The soils in Malaysia and their distribution and
properties will be discussed by Dr. Paramanathan, and the
soils in which the oil palm is cultivated in Malaysia have
Leen shown by Dr. Ng Siew Kee. To recapitulate, the main groups

of soils on which the oil palm 1s cultivated in Malaysia are:

Tropaquept and Dystropep:
Paleudult

Haplorthox and Acrothox

The other soils are of lesscr importance. However, the
Typie Sulfaquept, Typic Tropaquent and the Fibrists may become
more important with the expansion of the soil palm cultivation

to these soils in the near futurec.



The agronomic and cultural...44
LITERATURE CITED

Bevan, J.W.L. snd B.S. Gray, 1969.- The Organization sad Cortrol of
Field Practice far Large-Scale 01l Palm Plantings in Malaysia.
The Incorporation Society of Planters.,

Corley, R.H.V., J,J. Hardon and B.J. Wood. 1976, 011 FPalm Research.
Elsovier Scientific Publishing Cowpany, Amsterdian,

Hartley, C.K.S. 1977. The 011 Paim., Longman Grouvp Limited London.

H.L. Foster, A. Tarmizi dohaumed, M. Tayeb Hj. Dolmat, C.S. Chow, K.C.
Chang and 2in, Z. Zakaria.

The Estination of N and K Fertilizer Requiremente of O0il Palm
in Peulnsualar Malaysia. ‘

Ng Sicw Kee, Ph.U. 1972. Second Edition. The 0i1 Palm, its Culture,
Uanuring and Utilization. Internaticnal Potash Institute.

Siew ea snd Thong Var Cheong, Agromac Lda. Bherad, Ipah, 1985.
dutriont Bequirements for Exploiting ¥Yield Porentials of Major
Plancetion Tree Crops in the Tropics. 19th. Colloqium of the
Intcrnational Potash Institute,

=
c3

Oleagineux, 1372, Volruw 37. Number 1-9.

Turner, P.D. 13Ei., 041 Ialm Discases and Disorders. Cxford New
York, i:lbournc.

Turner, P.D. and X.A. Gidlbanks., 1574. First LditZlon. 01l Palm
Cultivation and Managemant, The Incorporateld Soclety of
Planters.

Wastic, R.L.ad D.A. Earp. 1973, Advances in 04l #aln fultivation.
The Iacorporated Soclcty of Plantcrs,

Noordin Wan Daud and E. Pushparajah. 1961, Capabilicy and Hanagement

of Alluvial Soils Under devea in Peninsulam Malaysia, Rubler
Researcn Inctitute of lalaysia.

H1



AGRONOMY OF SUGARCANEl/

VICENTE G. DOSADO

Scientist IXI and Head,

Department of Agronomy, PUILSUCOMN

La Granja Sugarcane Experirent Statrion
La Carlota City, Philippines

INTRODUCTION

Sugar yield is dependant on tonnepe and piculs sugar per ton
cane (PS/TC). Of these yield components, h;gh tonnage yleld is easier
to achieve and tend to exert more Influcace in the final sugar
production (Dosado et al,, 1978, Dosado SE.El" 1580). For this reason,
most of the cultural management practices in sugarcane production ar..
directed in ihcrensing tonnage, This paper discusses some basic
principlas and recent advances in Sugarcane fgronony obtained through

resaarch.

CLINATE _ .

Sugaraane prowing arcas in the Pﬂilippines producing high
sugar yilelds are characterized by cvenly distributed rainfall and
warm temperature for early growth and development, (ool and
relatively dry period at least 8lx-cight weeks before harvest enhance
ripening and sucrose storage. The dry condltions at harvest is also
necessary to facilitate entry of in~field transport, hauling of

harvested canes and initial cultural operations using farm machineries,

E0ILS

WLll drained mediun tcxturcd soils with a pH of 6.0 ~ 7.8 and
high in ornanic mtter nnd soil nutrients is desirable for suparcane
prdduction. Soils with high productivity potential in terms of soil
ptopurties should be chosen for sugarcana preduction because this will
requir¢ ouly ninimum materials and management inputs to produce

profitable yield (Rosaric et al., 1985).

1/

= Paper presented et the XIV International Forum on Soil Taxonomy and
Agrotechnology Transfer Harch 3-20, 1986, Philippines,
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Among these soils grown to sugarcane In Negros province are
Isobeln sandy 1oam, Umingan cldy lodi, Guimbalabn loam and Guimbalsdon’
'gravelly loam, with a,prpductive potential values of 59,8, 59. 7.
"58.5 and 58 1, respectively. considered- very good for sugurcanc
production (Table 1). These values wcrc derived by multiplication
of productive indices assigned to land slope, soil texture, moisture
availability, pH organic matter content, available potagsium and.

availabla magnesium (Hombrebueno 1980).

Based on records, highest sugar yields were couqisteutlil,
produced by sugarcane planters in -Sulay, GSan.Carlos, .Bukidnon and

o
Bais. In addition to good nanagement practices of sugarconc piantera.

these arcas arec belleved to have soils with productive potentinls.

LAND PREPARATION
To have ecse in field opcration, newly harvested field trash
in the wet season are turned u})Sid\. down in order thut thes«. will
dry thouroughly. The fire shiould be started against "the'wind
direction to inaurc relatively satisfuctory burning. uurnino during
‘the cool parta of the day is recommended o miniudze loes of bencficial

nicroorganisns,

When no burning is employed, the trash s incorporated into
the soil by rotavators. This 1s followed by plowing Lo completcly

incorporatc the chopped trashes into the soil. Moldboard plow maybe

used to Plow under the cane trash. Subscquent harrowing will incorporate °

the trashes iInto the soil.

Under Guimbalaon loam soils, one plowing at about 30-35 cm
deep followed by two harrowings will make soil satisfactory for
planting suparcane., Additional plowing and harrowing will depend

upon the judgement of the sugarcane planter,

For soilu which has developed a hard-pan, subsciling is
employed without turning over the subsoil. Subgoiling is ideally

done during the dry scason condition to allow cracking of the subsoil.
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Table \..,. Indox of po;egtial‘prodggtion,pf,poil types in Negros

Occidental
- T PRODUCTIVITY | mqmonm oo
D 1) n ! ] T
SOIL TYPE 3 A} pormriaL | TOPOGRARLY
1. Isgbeta sandy loam . 1,163 . 99.8 o flar
2. Umingan clay loam 1,313 59.7 flat
3. Guimbalaon loam 22,401 %8.5 ° rollimg’
4, Guimbalaon gravelly:: ©7,908 . .. . 58,1 -, rolling - -
loan
5. San lanuel loam ‘I4{146 C 54,5 7 flat
6. Tsabela clay ‘ 29,682 52,4 Flat
7. Manapla loam T 6,589 52,4 rolling
8. Saw iaduel fine sandy 2,218 .:50.8. - £lnt
. loam
‘9, $1lay €iFe sandy loam 32,435 41.8 “flat
10. ‘Dantdy clay loam . 55,826 - . 41,1. ° - rolling ..
11. Silay clay 11,085 40,0 flat
12. Louisiana clay 23,564 39.9 - rolling
13. Silay loam 21,747 . 39.8 | flat
14, La Castellana cley 18,142 38.5 rolling
loanm S . -
15. Guimbalaon c¢lay . {71%366 . 38.7 rolling
* CATEGORY T T BTLITY & FQULVALENT YIELD POTENTLAL -
= 1 INDEX ; PICUL SUGAR/HA
Very good 51-60 230-265 .
Good 41-50 185-230
Fair 3.0 7 140-185
Marginal “ardso 7 U T90-140 .

Y U o~ : . T
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In medium textured and heavier soil types st the beginning of”

- the season, the ficld may be too wet and it may not be feasible for

tractors to make the land preparation. This is espccially true when

there 13 a desire to have a new plant crop after a number of ratoons.

When the high yielding v-

rioiy 15 susceptible to the disease and vhen

ratooned crop will succumb to the pathogen, there 1s a necessity of

having a new crop every year. Jsutse are soma of the conditions which

the “minimum}tillqgu” practice could be of use. In brief, this

"minimum tillage® practice is deseribed as follows (Dosado, 1977):

A. WET SEASON
Lays'
1 pop 1,
0 2.
1 DAP 3.
3 DAP 4,

30-45 pAP 5.

£6 DAP 6.

57 DAP 7.
45-70 DAP 8.
70-90 DAP 9,
365 DAP 10.

B. DRY SEASON

bﬁESl

ACYIVITILS .

Burning of cane trash 2 DBP

[

Planting betwvecn rows
of cane using "tamn”
at 30,000-35,000
selected cane points 0
per hectarc

Fertilizer application
using "tama” more or
less 18G-90~120 or
recommended rate of
fercilizer for the area

1 pAP

Pre-emergence applica--
tion of 2 kg Karmex and
1 gallon 2,4-D por
hectare

2

Chopping at least two 3~4

tines the growing
ratoons

Dreaker at 18-2Z
Inches decp passes
on old ratoons

40 DAP

Irrigation to field

capacity 70 hAP

Spet weaeding whenever
neccsanry

Breaker at 16-22
inches deep
(Optional)

Harvesting and -
nilling

7.

45-70 DAP 8.

9.

365 DaP 10,

Burning

ACTIVIFIES

of cenc trash

Breaker at 18422’
inches depth to uproot
stubbles

Planting using “tama’
at 40,000 selected canc
points per ha.

Fertilizer application
using “tama’ at wore or
less 180-90--12C at
recowaended fertilizer
rate for the arca

Irrigation to field
capacity

Pre-energence application
of 2 ky Karmex and 1 gallon
2,4-D pur hectare

Irripation to field
capacity (if nccessary)

Spot weeding whenever
necessary

Breaker at 18-22 inches
dept:h )opntional)

Harvesting and milling
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VARIETILS

The use of high yielding variety 18 the casiest and the cheapest
Hn; of.incrensing production. In as much as uugnrcane variacties vary
in their respouue to climatic and cdaphic factors, tha newly bred -
promising variety should show consisttnt superiority in yield for at
1east thrte aeuaons over the widely grown varicty in the area before
it is recommended for commerciai production (Doando. 1981). The

recommended PllILSUCOh—-bred sugarcane varietics is shown ‘in Table 2 -

(Lapastora, 1981).

Tonnage 13 high towardé the end of the rainy season and
decreases withilcv precipitation while the opposoite is trua for
piculg sugar per ton cane (PS/TC). For earlj nilling at the end
of the rainy gscason in October and November, thL bnst age to harvest
regardless of variety is 12 months. Varietits with high sucrose or
PS/TC arc recommended during this period..'This,include Phil 6723,

Phil 56226 and Phil 6553.

Optimum suzar yields are produced for most varieties during
thc dry and cool nid~season harvest in Decem or,. January and
February. High tonnage varieties like Phil 6607 and Phil 7495
'harvested:h 12 months and hign sBucrose vnriutiee harvested in 10 .months
will pteduce satisfactory sugar production during this period (Dosado

" and ldiayo, 1983: Dosado ¢t al., 1985).

For late and dry milling seagon in liarch and April Thil 6723,
Phil 56226 and Phil 4553 harvested in 10 months are recommended., |
Regatdleau of season, it appears that varictics with high sugar
quality tcnded to produce more gtable sugar yiclds. Phil 6553 has beun
found to be resistant to drought and has the least less in vyeight among
the seven varieties after 12 days of delnyed rilling (Hiayo and Dosado,

1934). Varicty with waxy rind are resistant to dussicaticen.
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-y

-_—1 2L
Ciofae, OTHER CHARACTERISTICS

“ e o1 o

AGL AND SEASON AT HARVEST

fable 2.
.- . H YIELD PCTENTIAL,

FTAEIZTIES T PS/TC ]

‘hil 55226 “high  *  high
(1.70 & Up) (130G & up)

hil $553 high high
(1.70 & up) (130 & uy)

hil 66C7 average . high
(1.50-1.89) (100 & vr)

i1 €723 - higa . avé:agc
(170 5 up (63 -~ 95)

hil 7495  average hich
(1.50-1.69) (10C & up)

hil 7775 hizh av:ra;e'

(1708 0)  (50-35)

Brect to recumbent self trashing
moderate trichomes profuse
flowering

Zract to recumhent salf trzshing
no trichomes spar e flocvering

Fraz: 1o vecumbent self trashing
no “richomes prefuse flowering
efficient in us: of ¥, good
ratooner - :

zrect

Sermu~self trashing few trichomes
sperea flowering gcod ratccner

Zrect to recumbent self trashing
no trichomes sparge flowering

Erect
Self trashing
sparse to mdderate floweriny.

Early rilling - 12 months
1C months st harvest in December—
April

Early milling - 12 conths
riic-geason harvest - 12 ponths
Late milling ~ 10 wonths

Early milling and midsezason
harvest - 12 months

Early milling - 12 -onths
1% months at harvest in Decembor-

April

Early milling ané mid-seascn
harvest - 12 nonths

Early milling -~ 12 mcnths
1J wenths ot harvest
In Deeoriler t- 4 ril

DISE/SE RZACTION

Smut - very fuscertible
Leaf scorch - intermmdiste
Downy rildew - susceptible

susceptikbl

Smut - recistant
Leaf scorch ~ resistant
Downy nildew - intermediste susceztil

Smut ~ intermedi-tc susceptit ie
Leaf Scorch - r2latively resistant
Downy mildew ~ very hizhly resistant

fmut - 'hizhly resistaat
mdswmh~mmmﬂmmsuunﬁL

Smut ~ resistant

Dovny mildew - rzsistant
Leaf scorch - average
ycllow sgot - averarge

Saut -~ resistant

duvny wiléew ~ resistant

lecf sevrch = avercre - - -
yelicw spot - avarcge
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1

SEEDPIECE PREPARITLON AND PLAHTING

4

With the fiuld ruadv for planting, seedpiuras of the variety

-t

fecomm nded for planting and harvesting in thL arena arc prepared,

The ﬁraditional seedpiece used have thrae vioble buds taken from the
Aﬁop. the topmost part of the cana are not used as scedpleces because
;hose‘germinatc rapidly and produce wezk choots frow the growing point.
Kigh zérmination percentage are obtainud from 5-10 buds fron tha
spindic. 'Tﬁe buds must be free from insect demapc. pefore plenting,
tha leaf sheath attached to, the see@piece should be removed to allow

" the sct roots to immediatcly anchor itsclf into the soil.

For the conventional system of cane culturc on soil with average
fertility, furrows are laid out one meter apart and 30,000~-40,0C0
selncted three-eyed cane points from healthy plonts are planted per
hectare (Table 3) (Losado et el., 1978). This 1s about 3-4 cane
points per linear meter. The highur rate of planting is recommended
for the dry scason, In the mechanized systen of sugarcane culture,
furrows ar¢ laid out at 1.5 ncturs.nnd 43,000 40,000 sclected cane
points arc planted per hectare. Canc points ar planted flat during

the dry scason and rlanting position during the rainy scason.

To agsure hiph sermination, good quality seedpicce, adeyunte
soil moisture, favorable sodd temperature, absence of sueed-rotting
organisms aud pood land preparotion are necessaty. Good germinaticn will
result in perfect stand hence unneccssary expenditure in rapa.ating and

asgurad tonnage.

-

Repult of thu experfment 3t La Granja showed that 5 vinsing
hills per 10 wquare woter (equivalent of 102 uisning hilla) will
generally roduce ylelds tlen the nacd for frwcdiote veplanting (Tapny
ot al., 1961), ieplanting should ba wud. au corly an posnible,  The uac
of chippud tillurn for replanting dn tho ratcon crep i reconmended when
thu soil moisturs 1 favorable (Guteza, 1573),  Vhen newly cut cauup
are unsed 1o voplnnting {n rotoons, thay awy Lo physiolupienlly immature

whan the crop tn harvested and canvus with Jowor PLTC are producud.
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Al 4

.TAble 3, quluence of hill spacing on sugar yields of four Pl

varieties
' TETT 7
—— T VARIET T ESY

Sgg;éfféfg§NT "PRIT 6553 7 _Phil 56726 "Phil 6607 T Phil 6723
Skt 4 (1876)  YT(i976y ¥ (1977) & (1977) I  (1977)
30 em (39,000 . 182a 150a 165b 184a 1648

‘plts. /ha) L
25 em (49,000 202a 174a 194 216a 167a

plts./haj .
20 cem (50,000 . . 207a 168a 173b 189a 171a

plts. /ha)

l/Means with aimilar within variety and spacings are not different
at LSD ,05
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Better 8ermination arc obtained from cutbacks of about 6 mouths
old or from thrcanuy-d cant pointa from newly harvested cane "top excluding
.. the gtouing point. Study on Ja 60-5, a variety difficult to getminate
:show that beyond s8ix montha, there was an increase of pol, purity and
brix which ware attributed to low germination (Valdez, 1980). Applipation
.of 75 kg per hectare of nitrogen 30 days before cutback of G6-month old

canc increased germination by 4-10 per ceunt (tlarder and T.apastora, 1980).

To onchence germination and ninimize ;dverse effect of sced-
rotting organism, scedpiece may be treated with recommended fungicidn,
Benlatc or Fungitox at 100 ga/200 liters of »ater (Jereza and Ampusta,
1978). It 43 better to treat seedpiece with fungicide immediately after
cutting and not immediately before planting (Berredo, 1973). Thielia
eapeéially beneficial if planting is delayed beyond five deys after

scedpiece cutting.

Tillering starts from onc ronth and peaks at 3-4 months after
slanting depending upon the varifuty aud growing conditions. Adcquate
nutrition particularly nitrogen and phosphorus in combination with dry
weather promotes tillering (Rosario, 1982). To encourage early flush
of tillers which are likely to develop into willable stalks, two-thirds
of the nitrogen per hectare should be applicd curing first of the split
application (Garcia and Rosario, 1979). Application of at least two-
thirds of nitrogen at planting produces more tillers and consequently
higher sugar yield than the mechanical chipper cultivation (Table 4)
(Gotera, 1984). Rapid growth developrent oceurs 3-7 monthy. Adequate -
gunshine, roisture, nutrition and hipgh temperature centribute to the
formation of stalk materinls. luring this period infericr tillers dies and

the population stabilizes.
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Table 4. Plant characters and yield of Phil 56226 applied with chemical
: and mechanical treatmente to cnhance tiller formation.

PS/HA

TREATHENT g ;ﬁ?ﬁ;ﬁﬁ??EngiLxs § pS/IC g TC/HA g
1.. Sp:uying‘Graroxonc 92,500 113,334 1,38 96 132
2. Chipper cultivation 91,667 117,223 1.47 112 164
3. Cutting primary 88,334 110,556 1,42 86 123
tillers
4. 2/3 N at planting 146,112 131,339 1.44 124 132

Y. Control 102,223 108,056 1.40 96 131
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FERTILIZATION

Survay of soils in Binalbagan, Sagay, Dacongcogon and La Carlota,
Négfoé.décidentul reveal .that uit;ogen is noat>limitiug iﬁ gugarcane
soils in these mill district. Nitrogen is Znportant in producing high
tonnage and biomnas (Santus and Rosario, 1983). Soils with high clay.

content seemed to be more responsive to nitrogen application (Zambello,

et al., 1580).

Expcriments uith constant NPK ratio (1.0:0.5:3) but increasing
NPK showed that 200-50-300 appears to be optimum for the plant and
ratoon crops. In another experiment, ratio and rate of NPK was
increased. As a whole, sugarcane responded to 130-200 kilogram
nitrogen application in Guimbalaon sandy loam soils, Ho definite
rasults vere obtained by raising the levele of phosphorus and
potassium (Espada, 1977). Recsearch results from soven Thil varleties
show that an averape of 1.66 kg W,0.39 kg P205, and 2.03 KZG, 0.46 Ca,
0.5¢ Mg, G.08 Ve, 0,008 Zn, 0.02 in and C.U07 Cu arc required to produc

a tuie of canc ( Gaston, 2t al., 1983).

Por best yields and cconomy on the use of comercinl fertilizer,
the soil should be analyzcd and the fertilizer recommandation based on

the laboratory cnalysis should be closuly followed (Quilloy, 1980).

The high cost of inorganic fertilizer has generated interost
in the usc of organic sources. ‘The desirability of animnal manure,
farm waste and will by-products as fertilizor has been reported (Cruz
and Puyaon, 197}; Tianco, 1983; Urgel and acalintal, 1984). tiany
sugarcane planter are now incorporaving cane trashes into the soil
instead of burning them. Among the most readity available urpanic
sourcee as soil amaliorant 1y filter cake or mudpress. an application
of 20 tons of mulpress per hectarc and its rosidual cffect of the
ratoons has shown incrcase in cane and sugar yield over the nudpress
treatwent (Tablo 5) (Urpel and llernandez, 1571). Dried ipil-ipil

leaves at fiwe tous per hectore has also shovm promise {Gerardino and
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Hombrebueno, 1564). The fertilizing valua of decomposed mwdpress AND
bagasse has also Leen reported (Navarro and Gimotéo. 1981);' ‘

Tg rca;ce the aﬁount of nuapruas to be usad, the futio of its
amount whea combined srith inorpganic fertilizer aae becn otudied.
Mudpruss-Urea fertilidzer combination at 1:1 or 1:2 has been,found

to produc; céﬂe and Bugar‘yield comparable té that of dep alone
(qulloy;.iQBB), The fertilizing value of mudpress aud bagasse is
shown In Table 6 (Cruz and Puyaon;\1971), Earthworn céstings of ;ne
ton plds 126 kg nitrogen and 64 kg P205 counercial fertilizer was also
found to have ginilar yield compared with iAO kg N+ 70 PZO5 (Quilloy,

1985).

Luring the dry scason, the recoumended fgrtiliz;rs are all
applicd as Lasal application. In the wet scason, however, one half
t; £w0wchifds of nitrogeﬁ and potassium and all of phosphorus one month
after #lantlng end thé remaining nnbunt 3~4 months later before the las

sultivation or hilling-up.

CULTIVATION ANL WELD COTROL

To improve aeration and control weads, cultivation is made with
a carabao-draun plov or tractor drawn cultivator. The first éultivatior
or "ridge busting is done about 3~4 wocke aftor plecting by passing the
plowv betwecn thc.furrowa vith the soil thrown towards some éxpoaed cane
points aud to cover up the recently applict Inorganic fertilizer, Off-
barring may bc‘donu 7 vecks after planting, lubsequent cultivations are
alternate hilling up wud off--barrinr depending upon the weed population,
Weeds Letween hills are romoved vanually. The final hilling-up is done
‘to- cover the sccond dose of fertilizer, dl1lliag-up lLeens the stalk
upright, sugpress the iate tillers, and servee os drainage for excess

water and cover the weeds prowing in botueen the furrows.

The time of the last cultivetion or hilling-up differs among
varieties and secmed related to tho leaf canopy formation. Phil 6507

and Phil 56226 which forus leaf csnoples in two and a holf montns and
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four months, respectively, produce best ylelds when hilled-up during these
perisis (Miayo and Dosado, 1982).

The critical period of weed control is three-four months after

planting (Cruz, 1978).

Table 5. Mean ceana and sugar yields of plent and ratodn-‘crops .
a8 affected by different vates of mudpress application.

TONG MUDPRESS PER HECTARE

T ¥
) ]
CROP ; CRITERIA G775 T 33 1 40| 80
Plant  TC/Ha 90.85 96,57 96.86 88.38 80.28
cane  PS/IC 1.76 1.72 1.65 1.61 1.46
p5/Ha 152,52 166.87 160. 44 143,66 117.61
Ratoon  TC/Ha 74,49 73.13 £5.11 84.11 85.94
cena  ¥S/1C 1.78 1.73 1.71 1.76 1.72
PS/Ha 132.9¢ 127,18 145.55 148.55 147,79

Table 6. Fevtilizer value (kilograms) of 10 tons of bagasee and mudpress

T T 2§ k) Vet Fe | o | 7!
' N ' P | K | Ca | Mg | Fe , Cu ; Zn V hn
1 ! L] L] 1 ] 1 -1 ]

Bagasse 37 2 5 1.3 1.2 4.4 Q.09 0,09 0.17
Mudpress 20 46 20 77 11 80 80 0.83 294
Table 7. The influence of the duration of weed control inm sugarcana

DURATION OF WEED CONTROL FROM PLANTING 3 PS/HA i 7 INCREASE

1 1

No weed control 103
1 month 144 40
2 months 151 47
3 months 161 56

4 months 159 54
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In large sugarcane planta tion, the use of herbicides is resorted
to espééinlly when labor for ﬁeeding'ia scarce and the soll is too wet for

mechanical and manual weeding due to frequent rainfall,

;WEqu are susceptible to thg herbicides at the 2-3 leaf stage.
The herbicides should be applied in the early morning of a sunny day.
The herbicides can cffectively control weeds Sour hours after it has
been applied. In frequently raining areas, the "sticker" may be added

to- the herbicide to minimize its loss.

In pre-emergence application, the soil shopld be thoroughly
Preperad so that the herBicide may be able to move in the wet soi; and
inhibit germination of weed sceds. To economize in the use of herbicides,
early post (2-3 weeks aftor planting) of Karmex (1.3-2 kg/ha) plus 2.4-D
Amine (1 gal pcr ha) will suffice to kill young grasses, sedges and

broadlecave weeds.

In fields where weeds are mostly Cleome or Czpérus, the most
economical with high return among weeding methods 1s blanketing post
emergence spray of 2,4-D (1 gal/ha) combined with two handweeding (2x)

along the rows and plow cultivation between furrows (Cruz, 1978).

One waeeding in six weeks will glve comparable yields in places

where weed specles are mostly Portulaca or Cyperus. This may be

different in grass infectud areas (Punzalan and dela Cruz, 1960).

Another cheaper way to control wecds is to plant a fast growing
variety -like Phil 6607 whose leaf canopy closses-in two and a half
months., With this varicty less number of cultivation is no2ceded,  Phil
6607 was also observed to tolerate wecds between rows which will eventually
die due to shadlnc. Only weeds between hills and those close to the cane

plant should be ramoved (Cruz, 1983).
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PESTS AND DISEASES.

ito the newly bred

R i e S I

hybrids has rade substantial ;ucpﬁgg.ip cont:ollipg sugarcane diseesea.
In the breeding program of the Philippine Sugar Commission, the newly-
bred variety is fecommended for commércial prdduction only after it has
shown satisfactory resistance to smit, downy uildew and leaf scorch’- '
major sugarcanc diseases in the Philippines today. The severity and' che
ecoronic importaﬁce of yellbw spot and rust diseasece are being evaluated

whether they should be included in the screening program.

‘In as much as the different varietiis differ’'in their degree of
resistance to a pnrticulér digsease, two or more varietics of sugarcane

* should be grown in tha farm to minimize loss in casc of disease epiphffo

 On account of its high cost, thc use of fungicides ie limited
to treatment of seedpieces previously discussed under YSecdplece

Preparation and Planting'.

~ For pests, sugorcane borers is the most sericus. Application
of five strips of frichogramma sp (3000 parasite per strip) with
emerged eggs per hectare 4-5 times at weekly intervals lowers borers

infestation. Average parasitization on borer eggs of 70.35% pr

hectare has been reported (Alba, 1981).

Infestation of ermyworms and locust sometimes occur at certain
yenr, Blanket (total arca) spraying of contact insecticide 1s
recommended. Cleaning the swrrounding fields may discourage the

multiplication of these pests.

In many soils, parasitic nematodes have been obscrved and may
reduce sugar yiclds under cartain population threshold. Incorporation
of molasses, mudpress or filter cake, composted sugarcane bagasse all
applied at 30 tons per hectaru can control nematode population. Chicken
mauure has nematode trapping fungi which anlso affect nematode population

Band application a€ planting time of Temik at 3 ky a.i./ha; Furadan 3G,
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2 kg, ha; Nemagon, 6.6 kg/ha; Hostathion, 2'kg/ha and Basudin 5G, 3.k
ha suppress nematode population arnd. incrcase cane aud sugar yield

(Reyes and Deguico, 1977).

Rodents have been obeerved to ciuge varying intcnaity of dumag
from year to year. They showod prefereace for aofr rind and sweeL
varleties of sugarcanc. The incorporation of anti-coagulant
(Ratoxin, Racumin, Tomorin, evec.) in bait materiuls such as corn

grits, roasted grat:d coconut and broken rice have been effective in

controlling rat (Esticko, i981).

IRKIGATION AND DRAINAGE

In sume sugarcanc areas, there.is a distinct wet and dry
season. The newly plented caue points in the dry scason may need
irrigation to initiate gormination and carly growth and development
of the young seedlings. Rapid stalk clongation starts 3-4 months
with maximum rate a& 7 wonths., $inee this growth period is impertant
in tonnage production stress such as wmoistures sﬂould bé avoided,
Four to scven irrigation during this seriod will give substantial

production,

In San Carlos, a mill district with low annoual rainfall, about
19 piculs were produced by irrigation over rainfed gugarcane

plantation. The bcnefit/cost ratio was 2.5: (Caintic, 1971).

The field should ba irrigated to fileld capacity the frequency.
of which will depend on the weather conditions and soll types.

Irrigation water should be witheld about six—seven weeks before harvest

Standing water din the field eapecially in flat areas should be
drained. This is doleterious to tha growth and dLvelopurnt of tha
growing canes. Small canals are genprnlly made in the field to drain

standing water,

rz‘f\‘\
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HARVESTING AND' CULTURE.OF RATOONS

Harvesting ic one of ‘the-critical operations in . sugarcane
farming. The gain or loss in capital invested in all operations -
preceeding haxvesting depends primarily on the time of harvesting.
To géc‘thc highest possible eugaf ffoﬁ the cene, the crop should Ee

harvested at maturity (Dosado, 158l),

Cana maturity in a given set of .conditions is determined by cane
variety, cultural practices, (nitrogen fertilization, moisture control

and ripcner application) and climatic conditions (rainfally.

Maturity and Variety

Sugarcane varieties differ in their physiological
maturity~due to their varying photosynthetic efficiency and
genetic characteristics. The age and season at harvest is

thoroughly discusscd undir "Varieties“,

Maturity.and Fertiliration

Late application of nitrogen will enmhance vegefatiVe

srowth thus delaying sucrosc storage, flowering and maturity.

Maturity and toisturc

In luxuriantly growing cane, the moisture content of
immature internodes is high. To hasten the physiologicai
maturity of the canc, the moisture content should be reduced,
especially when the cemes huve attained the age of about twel
months. Rainfall occurring when the cane is ready for harvei
is undesirable because it lowers the brix and corresponding
dacrcase in sugar., Delayed harvesting after o heavy rain cot
causé inversion of sucrcse and initiste re-growth which will

eventually reduce the weight of the stalk,

Use of Ripeners

The application of chemical ripeners 6-8 weeks before
harvest during the rainy season, when polarization is low increases

sugar quality (PS/TC). Polaris (5 ki a.i./ha), Embark (1,12 kg
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a;ltlht)vhndfclyphoeaCe (0.3 kg a.i. Mon 2129) werc found
effective in increasing piculs sugar -per ‘ton cane, The ripene:

tended to stcp growth and enhance jggar storaga,

Experimental results in Negros Occidental and Iloilo have
shown an average increase in supar quality of about 20 per cent
for. Polaris, 24 per cent for Embark and 26 per cent for

Glyphogate,

Delay in harvésting of vipener-applied cane field

however, may adversely affect sugar content.

LkituLlly pecermination

The doninan* influence oF climatic and cultural factors
makes chLonological age of the varicty and unreliable index of
maturity. When these factors prevall, it 1s necessary to base
harvest time on some structural and physiological éhangea in
the plant. With regards to these changes, 12~-14 green leaves
and long internodes in the terminal portion indicate continued
vegetative growth. These long internodes in the terminal
portion are filled with moisture and reducing sugar. The sugar
produced in the leaves are not being stored as recoverable
sucrose but is used as cnergy for continued vegetative growth.
When these characteristics are observed, harvesting should be

done when the desired maturity has been attained.

The following are guides in ascertaining cane maturity:

1, Brix reading by use of hand refractometer. Maturity
is indicated by a morc or less uniform brix reading of the juice
collected from the top, middle and basal portion of the stalk,

An immature stalk has high brix at thc base and low at the middle
‘a?d the top. The over-mature register high brix at the top and
low at the bottom. |

2. Visual obsecrvation. A cane field ready for harvest

exhibit these characteristics: ,)}\x
[V
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_a. Yellowing of the leaves Ay the whole plant is
uniform L
b. The stalks becomes ycllowish

c. Internodes in the upper portion shorten

Harvesting Practices .

" There are two methods of harvesting sugarcane, by. manual

operation and by machine.

Sugarcane in the Philippines is harvested manually by
cane knife or "machete". The base of the stalk is cut close
to the ground and the terminal portion is separated or removed
before the stalks are piled or loaded. Cutting the base as
;lose as possible to the ground is important because it
faéilifate stubble shaving in the subsequent ratoon. Also,
eﬁgar présent in the base is recovered‘und not waated. The
terminal poftions ér cane tops remowed from the millable stalks
are used as seedpieces for planting. The seedpieces with three

buds each are usually obtained from the terminal ﬁortion.

The cane cutters should separate the trash (dried leaves,
tops, dried stalks) fiom the stalks, When the trash 1s mixed
with the cane during milling, supar reccvery is adversely
affected. The trash absorBs sugar and imparts impurities into

the juice during milling.

Cut cancs should be hauled immediately to the factory.
Sugar content and tonnage decreascs when milling 1is delayed.
Lo of about 3.08 tons and 0.013 per hectare per day for tonnage

and P5/1C has been reported (Mercado et al., 1977).

Large farms resort to mechanical harvectiug to enable
them to harvest all theis cane ficlds before thedose of the
milling scason. These farms usually do not have chought labor

force to dc the barvesting.
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'Before,going from traditional tolyg;hanical hq;yegting.
=a thorough study of many asppqtsjqf the syst;m should be mgde.
+ In mechanical haryestipg,:it is necessary that the field ghould
be relatively level, well-dra;ned, f;ee :rom stonces, tregfptumps,
,anthillq and extrenous materials which may dacage the base cutter
of the har: +er. The soil éhould be éfvlighter type, aad grown
preferably with a non-lodging and seif;trashing variety. The
furrows should be laid 1.5 meters apart, long énough for
efficient Opcrutién and provided Qith unplantad arca atythe end
bf tge field to cnable the harvester and the back-up transport

to turn around.

To be able to cut close to the base of the stalk, the
rows of the canes to be harvested should be slightly elevated
to minimize so0il intake. This may be done by hilling-up durin

the last cultivation.

In harvesting, the blade of the harvester passes dt thé
base of the stalk; at the same time the upper blades cut the
top. The cut stalk is elevated by a roller and chcpped into
short pieces cver a foot long and dropped into a trailer or
truck following the harvester. Some lighter trash are carried
away by the blower. The machine could harvest about 29 to 36

tons per hour,

On account of more surface arca for moisture evaporation
and dessication which caise tonnage loss, and to minimize
souring duc to Leoconostoc organism, the newly harvested canes

should_be milled within sixteen hours.

Practices To Avoid In Hazvesting

1. Burning of Canes Before Harvesting., Except in avoid;
circumstances or special cases, cenea should not be burned befo
harvestigg. The death of the cells of the stalk as a result of
Burning caused the inversian qf the sucrose content of the cane

1 .

reducing sugar - a form which cannot be crystallized.
[T

14
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In case burning cannot be avoided, burnt canes BHUULG L
heivestdd immediately and milled within he shortest time possible.
.'Burdi.Cane'ieft uncut or standing in the field will continue absorbing
"ﬁater(from:the soil which cannot be lost rapidly by transpd ration

“because of the destroyed leaves.

2. Delayed Harvesting After Topping - Topping is the removal
of the terminal portion of the stalk of the standing canes to secure
seedpieces for planting. fx.layed harvesting or long interval between

topping and harvescting also results in sugar losses.

3. #illing of Trashy Canes. Milling canes with trash affects
sugar recovery and imparts impurities in the juice. To minimize this,
some sugar mills are giving incentive allowance for delivering clean

canes to the mill,

ESTIMATING SUGARCANE TOLNAGE BEYORE HARVEST

An estimate of tonnage before harvest is a valuable guide in the
programming of budget, labor and equipment. For farm managers, it could
be the basis for estimating the number of workers needed for harvesting and

the number of trucks that could accommodate the hauling of these canes.

A formula in estimating sugarcane tonnage is an follows
(Hombrebueno, 1981):

Estimated tonnage = P (100-CF) where:

P ~ the average number of millable stalks per squarc meter X the
average weight of stalk x 10,000 square meters per hectare
' divided by 1000 kilograms per ton.

CF - (Correction Factor) the expected losses expresscd in percentage
due to factcrs that may affect tonnage et the time the estimate
was made. Yield constraints brought about by pests and improper
cultural practices are already munifested in the weight of stalk

and should not be taken into account in this computation.

As an example, the following given:
a. Average number of milluble stalk per square meter = 12
b. Average weight of stalk (Phil 56226) = 1.02 kg

c. Correction factors
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" Rat démage = 87 .
"Missing hills = '11%-
Lodging canes "= 3%

Estimated tonnage = 12n° X 1.02 kg X 10,000 (100-22)
- 1000 =

+ 122,40 (78%) = 95,47 tons/ha

CULTURAL PﬁACTICES FOR RATOON

In view of the high cost of inputs and fossil fuel, the cultu
of ratoon has gencrated interest auong the surarcane planters,
Ratooning reduces cost of production by elininating land preparation
and cost of canepoints usced in planting a new crop. Pfacticcs
generally adapted for a successful ratoon crop production are as

[

follows:

Choice of the Vardety, Varieties differ in their persistence

in producing high ratoon ylelds. vVarieties that are susceptible to
systemic diseases that are likely to be carried to the ratoon crop
are not desirnble for use in the ratoon. Varieties which produced
high tonnage in the jlant crop and have good germination in the ratco
crop are recommended for ratooning (Dosado et al., 1977). 1In recent
studics at the La Granja Sugarcane Experiment Station, satisfactory
ylelds were produced when Phil 56226 and Phil 6607 were ratooned
twice and Phil 6723 three times. These data were obtained in plots

without replanting (iMiayo and Dosado, 1985).

Trash Disposal. Before growing a ratoon crop, the trash of the
previous crop 1s disposed off by burning or trash mulchihg. Burning i
the euaiest'and cheapest way of disposing tyagh. In the process, it
destroys sources of pests and discases fouhd in the trash. However,
the organic matter in.the soil is destroyed. Trash mulching is the
piling of the trash in alternate rows or applying them as blanket cover

This practice conserves soil wolsture, reduce surface run-off of
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and minimize soil erosion during heuavy rains,. Despite of these

advantages, the practice is not widely done because of high labor
cost in preparing the field., And in areas where drainage is poor,
the trash interfers with the disposal of excess water and impedes

evaporation.

Stubtle Shaving. After canes are harvested, there remains

under the ridge a portion of the stool or stubble where new crop
emerges as ratoon. For a vigorous ratoon crop, the exposed portion

of the étupble or even part of the underground portion is cut or
removed. This 1s known as stubble shaving. The stubbles are

ahnvéd soén after burning of the trash or after trash mulching. vDe}ay
in stubble shaving have been reported to reduce sugar yleld. In the
absence of a stubble shaver, a sharp "machcte" can -be used for stubble
shaving.

LS

Cultivation, Weeding and Fertilization. After stubble shaving,

the soil is plowed away from the base of the stubtle into the
interspace between the rows. This operation cuts off most of the
old rooks, allows aeration of the soil and induces the formation of

the new roots.

Imediately after the off-barring, the fertilizer in the am unt
similar or a little more than the plant crop fertilizer recommendation
are applied along the rows and covered with soil, Replanting of
nissing hills with chipped tillers from neighboring hills with large
number of tillers are made when moisture conditions is favorable. If
cane poin;s are used, they should be planted in the missing hills with
the use of "tama" or pointed iron iumediately after the stubble shaving
or as soon én the missing hill is identified so that it will mature

at the same time with the ratoon.

Subsequent cultural operetions will be hilling-up and off-barring
and weeding depending upon the prevalence of weeds with the final

hilling~up before the canc leaves canopy closes-in.
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Harvesting. Ratoons generally 'attain physiological maturity

faster and should be harvested carlier than the plant crop.
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AGRONOMY FOR CASSAVA

TEDERICO G VILLAMAYOR, JR.

Head, Production Section

Philippine Root Crop Research and Training Center
VisSCA3 Baybay, Leyte

INTRODUCTION

’ . y ’
Cassava (Manihot esculenta Crantz} ranks eight as a carbohydrate

source in terms of hectarapge after rice, maize, bérley, sorghum, millet,
potatoes and rye (FA0?,1984). Of the 14.9 million hectares devoted o
cassava, about 547 is in Africa, 27% in Asia and 17% in South America.
Table 1 shows the area, production and averarc yield of cassava in some
Asian countries. Thailaind, Indonesia and Viatnam are the three bigpest

groducera  of cassava.

Cassava is largely uzed as human food (about 65%, animal feed
(18%) and industrial use and starch (5.5%) (Cock, 1985a), It is one
of the most efficient starch procedures. Cassava roots contain 20

to 40% dry matter alout 05% of which is stareh.

Cassava has no great &dvastzige over other crops under optimum
growing cenditions but its yield potential exceeds those of other
crops under suboptimal cenditions. This is probably the reason

why cassava is mestly grown under marzinal conlitions.

In Asia in general (with the exception of Thailand) cassava
is produced by marginal subsistence farmers. A few areas devoted to
the commarcial productinn are more of the esception rather than the
rule. Thus, the emphasis of this paper is more on the low-input
technologies which are more applicable and appropriate for use by

small cassava farmers.

1/
~ Paper presented at the XIV Tnternational Forum on Soil Taxonomy and
Agrotechnolofy Transfer for the ASEAN region, held in the Philippines.
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ADAPTATION

Cassava is adapted to divevse agroclimatic ‘conditions but
naturally yield ;é affected when not grown under favorable conditicns
It grows best at‘temperatures ranging from 2500 to 29°C. In the
tropics, this is not much of a problem except in high altitude areas
where temperature is low., At temperatures of 10°C and below growth

and development is inhibited.

In areas where rainfall is uncertain and where long dry
periods are experienced, cassava is a low risk crop to plant.

However, it does hest in areas where rain of 100 to 150 cm is well

distributed throughout the vear.

Daylength and solar radiation affect the grcwth and yielé-
of cassava. Short-day conditions promote storage root initiation.
Long days promote stem growth and reduce storage root yield due to
the limitation of assimilate supply to the rcots. Twelve hours
daylength is reported to be optimum for cassava. In the tropics
where daylength varies minimally, light duration may not be an
important factor in determining vi2ld., Light intensity however
greatly affects yield. Whyte (1935) reported that 60% shading cause
a 36% yield reduction. Results of the National Cooperative Trials
in Cassava in the Philippines (unpublisher data) show that yield is
reduced by about 50% under coconut where light penetration is also
about 50%. There are however varietal differences and therefore the
chance of finding a tolerant varietyv is great. At PRCRTC we are
currently working on screening for shade toleranca since there are

many coconut areas where cassavi ic grovn,

Waterlogging is detrimental to the crop. Standing water of
even just a few days can wipe cut tha whole crop due to the rotting
of the roots. Thus, cassava should be frewm in perneable soils.
Othep soil characteristies favorabla for growing cassava are shown

in Table 2.
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Since mogt of the good soils a;e reservad fér the ﬁorc high
valued crops, cassava has to be prown under more marginal conditions
where it has a comparative advantage over othef.crops; Té get a
good vieId'however, it is necessary that light and drainage conditions

be favorable,

CULTURAL MANAGEMENT

Land Preparation

Like any other corp. cassava needs a well-prepared land to
insure food establishment and té ninimize wead competition
especially during the early stagns of growth. In general, one
plowing and harrowing is adequate for areas just previously
planted. Depandinc on soil tilth and weed incidence, *wo to
three plowings and harrowings maybe necessary for newly-cpened

or fallowed areas,

Land preparation practices are influenced by climate,
soil type, vegetation, topograjhy, degrae »f mechanization and
other agronomic practices, In new forest clearing, no land
preparation is required except cutting down of vegetation and
burning before planting is done In areas where mechaLization is
available, land is plowed and harrowed/disked with animal or
tractor power. In areas subject to waterlogging, ridges or
mounds are constructed to prevent rotting of cagsava roots and

death of the plants.

Depth of plowing may affect roo* yield especially for
heavier soils. In lighter soils, depth of plowing From 10 to
20 cm did not significantly affect yield (Toro and Atlee, 1980),
Viilamayor (1983) also found nc advautégs 3o preparing the soils

deeper than 20 cm.

Variety Selection

Although cassava as a crop has wide adaptability, its

?;ﬁﬁ
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it is necessary to plant varieties thataremost suitable in a
particular area, Regional trials provide the necessary

information on the suitability of a miven variaty to a rverticular

set of environmental conditions.

A good cassava cultivar is characterized by high yield,
resistance to pests particularly the mites, high starch ccatent,
early harvest, low hydrocyanic content and good eating q uality.
Present recommended varieties in the Philippines have yield
potential of abecut hOt/ha under experiment stations even

without fertilization,

The use of modern or new cultivars are shown to be better
than the traditional ones even under the system of management

of the farmers (Table 3).

For those whe aras interested in selecting an ideal
variety to be used under good growing cenditions, Cock (1985b)
listed the following characteristics: late branching at 6 and
9 months after planting: without suckers or side Lzancltes; large
leaf size (ca. 500 cm2/leaf) at i months after planting; leaf
longevity of about 100 days: harvest index greater than 50%:
\leaf area index between 2.5 and 2.% for most of the growing cycle

nine or more rocts per plant when nlanted at 10,000 plants/ha;

and each plant with two main shoots from the original cutving.

Selection and Preparaticn of Flanting !laterials

The use of good atality planting materials is a very low
input technology that is nsazy to adept. To insure rood yield
only cuttings that are free from insect pests and diseases,
mature, fresh and selected from vigorously growing plants
should be used. Tables 4, 5. 6 and 7 show how the quality in

torms of nutrition, insect pest, vigor, and {reshness of the

cuttings affect the yiel: performance, respectively,
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The length of the stem cuttings varies from 20 to 39 cm
depending on the number of nodes, There chould be at least 5
nodes per cutting to have a bétter chance of sprouting and
survival. Cuttings which are too long (ca 50 ¢m or more) or
toc short (10 cm) do not perform as well as the 25 cm ruttings

(Tables 8 and 9),

Stems to be usad as planting materials should be at
least 6 months old. The best part of the stem to use is the
middle part, the terminal part being tnc young (dry easily)
and the basal part too old (lipnified with little reserve food'
A guide to the naturity of the stem as a planting material is 1
size of the pith (central soft portion) reletive to the total
cross section of the stem. The pith's diameter should be 50%

or lesc than the total diameter.

Stems which are tco thin should not be used. 4s a
guide, the thickness of the stem should not be less than half t
regular size of the variety. When the stems are thin not becau
of poor growing conditions but becauss of cultural practices su
as in high density planting the scerns mav be thin but their

performance is not affected (Table 10),

If stored stems have tr be used, the stems should be
properly 8t¢réd to maintain its viability and yielding ability.
Table 11 showed that a properly stererd cutting can still be
used as planting materials., Tn using astored stems, only those
with encugh moisture content should be used. 4 stem has
sufficient moisture if upen cutting, the latex appears within
three seconds. Tiw germinated and rooted parts should be

discarded.

Before storage, dipping the lony selectod stems in a
fungicide-insecticide mixture (Tabie 12) is recommended to

prevent insect and (isease attnck. The stems are bundled
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positioned vertically with buds facing up on top of the 301l
in a well-ventilated area with pelative humidicy of £..90% and

protected from direct sunlight.

Planting

In places where rainfall is distributed upiformly. cassava
can be planted anytime. In the presence of a dry periou it is
usually best to plant at the onset of the rainy season (Tauble 13)
since yield is reduced when planting is Jelayed towards the dry

season.

Woen the prcwing conditions are favorable, the position
of planting is immaterial, However, vhen rainfall is uncertain
{t is best to plant herizentally in the Furrow while in the
presence of tro much pain it is better to plant vertically
on ridges to prevent the drying and protting of the cuttings,
respectively. Only one cuttinm per hill is planted. Depth of
vertical planting from 5 to 1% cm does not affect yield (Table
14), When the cuttings are planted diagonally, herizentally,
in inverted position or vertici.lly but the whole stem is
buried, there ara urderground shuots that arise. When this
happens, the underground stems become storage organs and these
are not attractive in the market. The quality of these storage

organs is alse not known,

The planting density/spaciny seems not to affect the
yield from 7,000 to 2,000 plants per hectare (Tables 15 and 16).
There is a trend however, that the marketable yield decreased
with inereasins plant density (Table 16). VWhen the density is
too bigh (Table 17), root yield is Aecreased but stem yield
i{s increased. Thus, the high ewnlation censity planting is a

good stratesy for maasive cuttainy arodurtion,

when the soil is not fertils and the variety is not

branchy, the population donsity should be higher, about 20,000
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plants per hectare. On the other hand, in fertile soil and with

vigorously branching varieties, the lower population density

should be used, about 10,000 plants per hectare.

When missing hills occur, it is not necessary to repla
if it is less than 30% and randomly distributed (Villamayor a
Labayan, 1964). If replanting is to be done, it should not b

more than twe weaks after planting to be effective,

Heed Control and Cultivation

Cassava is very susceptible t~ vweed competition during
the early stape of development when the canopy is not yet
closed. This period usually lasts for 2~4% meonths depending
on the growing conditions Under experiment station where
the soil is not so poor. the critical perind of weed control
is about two months (Table 18). This means that the weeds
should be contrelled within this pericd te get the maximum

benefit.

Weeds are usually controlled manually (handweeding)
when labor is not a problem. Oftentimes however, labor is
scarce and farmers usuazlly control weeds through cultivation
(off-tepring and hillinp-up) with minimum handweeding (7able
Cultivation, aside from controlline weeds also lnosen the soi
which is beneficial for the develapine stovare roots. When l:
is really very scarce, Parmers plant cassava in a square manne

so they can cultivate in perpendicular directions.

There are other ways of contrelling weeds. One is to
use higher population density to lessen the time from planting
to canopy closure. Another metherl is to intercrop with short
maturing crops which cover the sround when the cassava plant i

still small to compete well with the weeds.

For cassava plantations where labor is expensive,

mechanical cultivarors are also uzad to control the weeds,
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Herblﬂldes can also be used effectively and economically. A
mlxture of dluron and alachlor applied bpfore cacsrve cuacaes
is found to & effectlve Whlle a new premergence RN,
oxifluorfen mixed with alachlor may elimiunate the nec! ior

any handweeding (Cock, 1985b).

Irrigation

Although cassava is a drought tolerant crop, its yield
is also veduced when rainfall is limited (Table 20). Cassava
is especially susceptible to moisture stress during the first
two months of growth when the roote ave still developing
rapidly. 4 twoe-month period of water stress from one to three
months and from 3-5 menths after planting reduced the cassava
yield by about €07 while at 5-7, 7-%, and 9-11 months, the
yield is reduced by cnly about 10% ., Since cassava is a low-
valued crop, irrigation might not be economical. Thus, the

best way to prevent water stress is *o plant at the onset of

the rainy season.

Fertilization

Since most cassava areas are marginal it is expected
that it will respond to fertilization. Table 21 shows
dramatically the effect of Fartilazetion in farmers field,
In fact, the income was highest under full fertilization

(Villam:z¥or, unpublished data).

In mare fertile areas, cassava dres not show any
response at the beginning. &t the "PCETC exmarimental field
which uas formerly planted to rice cassave gives a yield
of 30-40 t/ha in 10 months fer about five years without
fertilization. Presently, casgava vieid is only half that much
without fertilizatien altheugh chore was no response to
fertilization initially. fCassavy is so etficient ©i extracting
nutrients from the soil that vield deeclines without fertilization

under continuous cropping (Table 22). This is probably the <?\:J
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reason why cassava s known as a nutrient depleting crop.
However, conparing cassava with other creps, it does not
extract more nutrients than petatoes, beans,maize or rice

except perhaps for potassium in the case of maize and rice

(Table 23).

Usnally, cassava occupies the last crop in a eropning
sequence before f21lowiny, This iz mrobably one reason why
cassava is labelled as a nutrirnt deploting crop, If
nutrient depletion will be based on the total yield, it is
true that cassava oxtracts a large amount of nutrient but
that kind of nonpariso? is upfair. # fairer basis of
comparison is the amount of nutrient removed per ton of dry

matter preduced as shown in Table 27.

Most farmers dn not apply fertilizer to vass-va becausc
of economic constraints  Tor these Farmers it is better to
recommens crof rotation especially with legumes or f8llowing
to minimize nutrient deplation and imbalanca. The use of
organic fertilizer is als~ reccrmended whenever practical and

nconomical.

Far farmers who can affored to fertilize, fertilization
is recomrended to maintain the soil nroductivity, Since the
"ecOmmended amount depends on agroclimatic conditions, a
fertilizer trial has to he conducted to determine the
:conomical levels. Tables 24 and 5 provide a guide when the

robably how much to fertilize.

‘est Control

In the Philippines, one ¢f the vaasons mentioned by
‘armers for planting cassava is itz resistance to pests. In
reality, there are many ;ests affecting cassava. Fortunately,

n most Asian countries only 1 few are sdrious,
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Two species of spider mites, Tetranychus telarius I. and

T. kansawai Kishida, are considered serious peste espieic . ly
during the dry season., They suck the plant sap fr- -

1

undersurface of the leaves and the infested leaves ¢ o oilly
turn from yellow to . brown befere falling off. Yizld ioss

is high when severe infestation orcurs during storaze roct
formation and early bulking state (2-u4 months after plantinc),
Recommended control measuras are stripping and burning of
affected leaves, use of clean cuttings and resistant varieties,
and timing of planting such that the critical stage of growth
does not coincide with the peak of mite population. The use

of resistant verietiew znd biolevical control measures are

still tc be developed under nsian conditions.

Another pest which is becoming serious especiall
under continuous cassava cultivation are the scale insects
(still unidentified in the Ihilizpines). They suck the sap
from the stems uvhich make ther. unfit for planting due to
reduced sprouting ~bilitvy., The usa of resistant varieties and
clean planting materials ave racannendel controal measures.
Several varieties aro observed to be resistant to the insect.
The insect can also be controlled chemically but since chemical
are rarely used hy farmers the petential of betanical insecticid

as a control measure should be explored.

Among the cassava diseases. the cassava bacterial blight

(Xanthomonas monihotis) (frthaud-Perthet) Starr is the most

sericus and destructive esvecially avring the wet season.
Symptoms of the disease are anrular icaf spetting and bhlight,
wilting, die-back, -um axulivirn and sten and poot viscular
necrosis (Lazanes et al.. 1231), Tot2l viedd loss cccurs when
infection is severe, The use of resistint varietics counled

with cultural rractices like wider.snacing, elirination of
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infected plants and use of bacterial-free planting materials

are the most prcmising control measures.

Harvesting

For subsistence farmers, the age of harvest dces not
matter much as long as they get 3izeable roots to eat. For
those who grow the crop for business, the crop should he
harvested at the right time to et the maximum benefit, If
harvested early, yields will be lov and if harvested late,
the starch and dry matter content may be lcw.. In addition,
starch content declipas markedly ol ihe onset of the rains

fnallowing a dry saeason,

The right age of harvest alsc depends on the variety.
Table 26 shous 18 months te be the ortimum harvest age if the
only consideration is the rcot weight. However, the quality
of the roots alsa atfect th~ 4denisisn when to harvest. To
determine the hest tine to harvest. pull out 2 few sample
plants randomly in the rfield ani eraluatz the eating quality.
If there is no more inerease in yicld and the quality is

alricht, the crop may he harvested.

Fer the fresh market. only the neecded ammunt shoul:! be
harvestcd at any one rtime since the roots deteriorate very fast
within two to three days afrer harvesting. In this case stagger
harvesting fr~m one end of the ficld to the other end ehould

be practiced se *hat the harveste) area can Lé inmediately used

for other crops if desirced.

tt harvest, the tons are usuzlly cut leaving a stump about
30 cm long for grasnin: during upr «<ting of the plant if the
soll is hard harvestine ~ids that prasps the stem as it is raised

make tre cperation less Ailrficulr,

If casszava is to ba moressed inte chips, harvesting has to

be done during the dry season since artifieial drving is expensive

=.d uneccnomiecal,
[t
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Table 1. Area, Production and Average Yield of Cassava in some
Asian Countries.

y HREA :PRODUCTION 1 YIELD

COUNTRIES | (103) | (103 MT) | (MT/ha)
Indonesia ’ 1,400 13,770 9.84
Malaysia 35 375 10.7M
Philippines 210 2,300 10.95
Sri Lanka 62 570 9.19
Thailand 1,300 17,000 13.086
Vietnam 485 2,700 5.57

—

Source: FAO, 1984,

Table 2. Soil characteristics for cassava productien.

1

CHARACTERISTICS i IPTINUM PANGE ! MARGINAL RANGE
Slope 0-8% 8-15%
Soil drainage Well-drained Moderately well-drained

to excessively drained

Soil texture class Silt lcam to clay Sandy loam to kaolinitic
loam clays

Inherent fertility level - Low

Salinity ¢-2 mmho/cm 2-4 mmho/cm

nH 5,2-7,0 4.,5-8.2

Calcium carbonate content 0-1% 1-10%

Source: PCARRD Technical Bulletin !'o. 10-A

Table 3. Yield of a traditional and a new variety in trials managed by
farmers with different skills and under different technology.

{ TYPL OF FARMER

TYPE OF TECHNOLOGY AND VARILTY } GOOoD POOR
Yicld
Traditional (t/ha)
secundina (nld) 10.0 6.1
oM 3u2-170 (new) 20.5 9.6

Improved but ne fertilizer e

Secundina (nld) 16.5 10.5
CM 3u2-170 (new) 21 .4 19,7

Snurce: Cock, 1985¢c

ANy
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Table'h. Effect f Fertilization of Mnther rlants usod fbr-éfem Cuttings
on, Yleld of Daughter Plants '

RﬁTLI ZER TRE TMFNT (kg/h“) ' , ©, FRESH ROOT YIELD AND

n P DAUGHTER PLANTS (T/ha)
0 0 0 19.1
100 0 n 26.4
0 A7 0 29.2
0 0 125 23.7
100 87 125 : ~ 28,2

Source: CIAT (1981)

Table 5. Sprouting 1i days aftar planting and total root yield at 7
months after planting of scale inscct-infested cassava (cv,
Golden Ye%}nw) cuttings soaked ir insccticide solution before

planting.
SPROUTING ROOT YIELD
KIND OF CUTTING _ (%) (kg/u.5 n?)
Healthy (no visible scale-insect 100.0a 5.91

Scale insect-infested (soake? in insecticide
solution) 35.0b 5.8a

Scale insect-irnfested (unsoaked) 25.0c 3.8u

1/
Within columns, means followed bv & ccrumon letter are not sipnificantly
different (LSD, 5%).

SOURCE: Villamayer and Perez, 192%

Table 6. Effect of positive mether plant selection on yileld of daughter
plants (t/ha)

MOTHER PLAHTS MEDIA LUMA CARIMAGUA CIAT
High yielders 24 12 16
Low yielders 18 Q 11

SOURCF: CIAT, 1982
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Table 7. Sproutin; and yield ?; cassava (cv. Golden Yellow) under different storape
method and duration.—

STORAGE DURATION (WONTHS)
SPROUTING] YIELD VSPROUTING| VIELD !SPROUTING! YIELD

TREATMENTS

e v =

%) (%) 1 (%) 3) V(%) %)

Position of storage
Horitontal 96.0 93.0 99.1 73.0 96.3 53,2
Vertical 99.1 31,3 100.0 60.3 90.7 51,2
Inverted 100.0 162.7 100.0 63.1 91,7 51.0

Location of storage
Shade 98.1 45,1 100.0 68.9 98.8 59.3
Open 93.1 96,3 99,4 62.0 87.0 53.6

1/
Sproutin- and yield are expressed as percent of control (fresh cuttings)

SOURCE: Villamayor and Perez, 1983

Table 8. Root yield, uwumber of branches and harvest index of cassava (cv. Golden
Yellow) as affected by the lencth of cutting at planting and harvested
eirht months after planting.

Y ROQT YILLD ]  BRaNCH | HARVEST

LENGTH OF CUTTING ! (t/ha) | __(/plant) 1 Index
Whole stem (ca 1m) 17.8¢ 3.7a 0.30b
Half of whole stem (ca C.5m) 21.7b 2.6b 0.37b
Normal length (25¢cm) 34.8n 1.l4c 0.50a

Within columns means with common le+ters are not significintly different (LSD, 5%
level)

SOURCE:  Apilar and Villamayor, 1981

Table 9. Effect of length of stem cutting on cassava yield

- LENCTH ¥ CUTTING ROOTS WEIGAT
(cm) (No./plant) (ao/root)
10 4,35 269
25 5,93 333

SOURCC:  Villanueva, 1985

Table 10. Stem diameter, germination and yield of cassava (cv. Golden Yellow) produi7d
at different population densities and harvested 6.5 months after planting~

POPULATION STEY DIAMETER SPROUTING YILLD
(PLANTS/Ha) (cm) (%) (T/12)
13,333 1,662 %49a 24 . ba
17,777 1,42b 92a 24, 1a
26,666 1,36b 90a pLE:
53,333 1,0Gc a7a 24,3a
1/

~ Within columns, means with common let“"ers are not significantly different (HSD, 5%level)

SOURCE: Villamayor, 1¢°°

pl 3
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Table 11. Effect of storage duration on growth and yield of cassava
with cutting treated with fgyglclaes befope ‘storage ai!
kept under a banboo canopy .~

STORAGE SPRCUTING - " WEIGHT . ROGT YIEI

DURATION (%) OF TNP3 ("*/HA.,

(DAYS) (T/HA
0 100a. _ A3a 25b
60 100a 3?2ab 30a
120 100a 30b ' © 2ub
180 98h 2G5 27ab
1/

Means followed by the same letters are not significantly different

(DMRT, 5% level)
SOURCE:  CIAT, 1930

Table 12, Three gwesticide mixtures for stake treatment before storape
or planting.

TRADE NAME

COMMON NAME

RAYL (AMOUNT OF
COMMERCIAL PROD
EZR LITER OF WA

Formula No. 1

Dithane M-22
Antracol

Vitigran 35%
Malathion W.P. 4%

Formula No. 2

Malathion E.C, 57%

Bavistin W.P_ 50%
Orthocide W.P. 50%

Formula No. 3
Orthocide ¥W.P. 50%

Bavistin W.P. 50%
Aldrin 2.5%

maneb

propineh

copper oxychloride
malathion

malathion E.C.
carbendazim
captan

captan
carbendazim
aldrin

SOURCE:  Cock, 1985 b

Table 13,

Effect of planting

time on yield of cassava.

PLANTING DATE

YIELD (T/HA)

May

June

July
August
September
October

39

40
36
31
27
22

SOURCE:  Villanueva,
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Table 14, Effect of planting depth on qéssava yield.

PLANTING DEPTi (CM) . YIELD (T/HA)
5 29,71
10 29.26
15 28,17

SGURCE: Villanueva, 1985

Table 15, Tffezt of spacing on cassava yield.

SPACING (C¥ X CM) PLANTS/HA YIELD (T/HA)

€O x 69 27.777 ‘ 26.63

60 x 100 16,666 29.39

80 x 100 12,500 28.12
100 x 100 10,000 29.42
120 x 120 6,944 - 25,55

SOURCC:  Villanueva, 19¢5

Table 16. Root yield of cassava (cv. Golden Yellow) at different plant
population densities averaged across time of harvest..

SEACING 2 MARKETABLE TOTAL

POPULATION BETWEEN HILLS— YIELD YIELD

(FLTS/Hh) (cK) (T/HA) (T/HA)

13,333 10.0 2u4.1 29.0
15,000 66.6 23.5 29.4
20,000 50.0 20.9 27.4
25,000 40.0 19.1 28.3
1/

No significant differences among the treatments
2/

Distance between rows is 75 cm

SOURCE: Villamayor and ‘fegiri:a,1952

Table 17. FEffect of spacing on root and stem (25 cm) yields of cassava.

PLANTING SPACE FUNBLT. OF ROOT YIELD STEN YIELD

(CH X CM) (PLANTS /HA) (T/HA) (CUTTI"'GS)
100 x 75 13,333 25 113,000
25 x 75 53,333 15 322,000

SOURCE:  Villamayor, 1981
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Table 18, Effect of time and dqration of wead control on cassava (cv.
Golden Yellaw) yield,

TREATMENT B " YIELD (T/HA)

Handweeded (HW) for 2 weeks from planting (WFP) . - 17.64
H¥ for 4 WFP 20.56
HY for 6 WFP , ©27.93
HW for 8 WFP . . 30.18
Handweeded control ‘ 29.60
HW from 2 WFP until 1009 cover 27 .24
HY from 4 WFP until 100% cover 24,62
HY from 6 WF. until 100% cover 10.62
HW from 8 WFP until 100% cover '~ -18.83
Unweeded control ’ : - 10.15

SOURCE:  Iscusme, 1973

Table 19, Yield and income under different cultivation/weed control
treatments in cassava (ecv. Onlden Yellow) and harvested
6.5 months after planting.

- 17 2/ 37
TREATMENT YIELD (T/:A) NET RETURN (V) ROI
0B 2WAP plus HWWR and 24,0ab 5840 2,27
HU 4 WAP
OB 2 WAP plus HU &4 and 22.0b 5490 2.36
& WAP
OB 2WAP + HWWR 3WAP 30.3a 8210 3.02

+ HU 5 and 7 WAY

1/ :
T 0B -~ off-barring; Wil - weeks after jlantirgs; HU - hillinp-up;
HWHR - hand weeding within row

2/
~ Means followed Ly common letters are not significartly different

(LSD, 5%)

3/

" Return on investment

SOURCE:  Villamayor and keoma, 1943

Table 20, Root number and weight of cassava roots (ev, Golden Yallow)
under moisture stress (155 mm of rain in 5 mcmths ),

RCOT WT.

TREATMENT PaoT NO./PLANT (KG/PLANT)
Control (rain dependent) 12,7 b 2.4 b
HWatered 3.5, 4.5 and 5.2 months 16,5 a 3.4 a

after planting

1/

" Within columns means followed by a common letter are not significantly
different (LSD, 5%)

SOURCE: Villamayor and Destriza, 198%,. - '
L

Nt
9)



Agronomy for ,...20

Table 21, Root yield (t/ha) of cassava (cv. Golden Yellow) eight
) months after planting as affected by fertilization level
Lrsed on soil analysis of four locations.

FERTILIZATION T LOCATION

APPLICATION T MAGANHAM MAHAYAG IGAXG KARALASAN
Control (no fertilizer) 9.0 3.4 20.0 4.9
1/2 Peccrmraended level 18.3 16.3 21.7 14,0
Full fertilizer recommendation 20.0 18.8 26.8 15.5

SOURCL:  Villamayor, unpublished data

Table 22. Effect of continuous cropping on yield of cassava.

CROPPING SECUENCE YIELD (T/HA)
First ) 40,6
Second 37.5
Third 25.6

SOURCE: Villanueva, 1985

Table 23. Nutrients Extracted by Various Crops per Ton of Dry Matter Harvested

NUTRIENTS

CROTS N P K TOTAL
Cassava (roots ) 6 1 11 18
Potatoes (tubers) 17 3 26 us
Maiza (grain) 19 3 4 26
Rice (grain) 16 3 3 22
Beans (grain) 37 3 22 62
SOURCE: Howeler, 1985
Table ?4. Critical Levels of Soil Paramcters for Cassava

! '

PARAMETER ! CPITICAL LEVEL } METHOD O ANALYSIS#*
pH 4,6 - 7.8 1:1 Soil-water ratic
AL (me/100 g) 2.5 1N K C1
AL -sat (%) 30 AT/(AL + Ca + Mg +K)

P (ppm) 7 -8 Bray I
6 - 10 Bray II
] Olsen - EDTA
9 North Carolina
K (me/100 g) 0.09 - 0.15 N4 - acetate
0.17 Bray 11
0.15 North Carolina
ca (me/100 ¢) 0.25 NH4 - acetate
Conductivity (mmhos/cm) 0.5 - 0.7 Saturation extract
Na - saturation (%) 2.5 NHU4 - acetate
Zn (ppm) 1.0 North Carolina
Hn (ppm) 5 -9 North Carolina
“Bray 1 = 0,025 N HC) + 0.03 N NHUF
Bray 11 = 0.1 N_HCL + G.03 M NHUF
Clsen -EDTA = 0,5 N NaHC03 + 0,01 M Na-EDTA :
North Carolina = 0.05 N HCL + 6,025 N H, S0 :

y

SOURCE:  Hcweler, November 1985 P

1N THu - acetate at pl

HH4-acetate
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Nutrient Concentration in Youngest Iully-Expanded lLeaf
Blades of 3-4 months old cassava, corres
Nutrient Status of the Plant

ponding to Various

NUTRIENT STATUS

ELEMENT DEFICIENT | LOW SUFFICIENT] HiGH | TOXIC
N (%) {47 4,7 - 5.1 5.1 - 5.8 75.8 -
P (%) € 0,30 0.30- 0.36  0,36- 0,50 > 0.50 -
K (%) Z1.0 1.0 - 1.3 1.3 - 2,0 >2.00 -
Ca (%) 0,65 0.65~ 0.75 0.75- 0,85 > 0.85 -
Mg (%) < 0,27 0,27~ 0.29 5.29- 0.31 > 0,31 -
s (%) £ 0.24 0.24- 0,26 0.26- €.30 > 0,30 -
B (ppm) ¢2n 20- 30 30~ 60 60-100 > 100
Cu (ppm) .5 5~-6 6 - 10 10 - 15 ~» 15
Fe (npm) &1 100 - 120 120 - 140 140 - 200 » 200
Mn (ppm) < us n5 -~ 80 50 - 120 120 - 250 250
Zn (ppm) {25 25 - 30 30 - 60 60 - 120 ¥ 120
SOURCE: Howeler, 1985
Legend: Deficient = 60% max. yield
Low = £0 - 90% may yield
Sufficient = 90 - 100% max yield
High = 100 - 90% max yield
Toxic = 60% max. vyield
Table 26. Yield of cassava at different azes of harvest.
HARVEST AGE (MONTHS) YIELD (T/HA)
8 16.13
10 23,51
12 31,33
14 37.56
16 41,53
18 45,25
SOURCL:  Villanueva, 1985
/H1
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GENERAL

Ucshara (19C1) defined agrotechnology transfer ay the taking of
an agricultural innovation from its site of origin to a new location
where it is lilely to succeed. Transfcr of bLoth the mechanical and
b.nlogical couponents of agricultural technology can occur throuph
(D wmaterial transfer and (41) kncv'wdge transfer. While material
trangfer, such as sced or wmachinery, are rather straightforuerd,
knolwedye transfers arce much more complex and difflcult as “lhiay
involve th: conveyance of sclentifie information about how to employ
inputs, such s permplasm, fertilizer, tillape implements, or irrigatio
water, to produce optimnl yilelds (Ceinvoth et al,, 1SEG).  For
agrotechnology transfer to succeed, the transferred technology wust Lo
compatibl: with the characteristics of the farmer's land and with the
labor, capitol and rornapgement resourcee of the farner. Agrotechnology
appropriate for transfer to a specdfic chould thus be (1) tecknically
sound, (2) unviromzntally safe, ) cconoriically feasible, (4) sociall

desirable, and (%, culturally acceptable,

One wey cf transferring agricultural kaowledpe and exuvericnce
1s by analoyy. 1n this ap, reach soil and climate clussificutions are
used to identidfy analogous areas. The assunpzions are (1) that the tax
of cthe classafications stratify the enviromnment with sufficient
pracislon to allow successful transfers. ane (i1) thet all occurreuces
of a defined cluass have siatlar production otentials and responres
to managunaent, Yhile general, rulti-actribute schemes of agroclimatic
classificatlion arz of limited value in tho analogue transfer of
technology (Burges, 19u0), soil classificoations have been more
successful, The U,S, gsystem, 50ll Taxonouy (Soxl Survey Staff, 1575),
is particularly suited for this purpos: as it incorporates beth soil
and climate and thus stratifies the agro-cnvivcmment into distinct

niches of aprop.voduction (Beinroth, 19843,

Transfer Ly analopy is elso implied in the concept of benchmarik
soils advanced by C.E. Kellozg (1961). & currently defined, a benchmar

304l iz an important suil sclectad for Intensive study and completo

L-/Lecture for the XIV Internatlonal Forum on Soil Taxonomy and
Agrotechnulozy Transfer, Philippines, barch 3-27, 1926,
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characterication because it occupies a key interpretative positicn in
the claguification and/or covers large creas (Miller and Nicholas, 158u).
A benchmarl: soil represenes a reference site from vhich rescarch results

can be extrajolated to other arcas with simflar chhracteristies.

Soil scientists hove long assumed that soil elassification, in
conjunction with suil surveys, provides an adequate basis for the
transfer of pudologic knowledge and agroncmic exparience.  iiany
authoritative statements ean Le found in the literature wvhich allude to
this corjectucse. In the foreword te the FAO-Uncsco Soil Map of the
world (FAO, 1974), for example, it ic statz2d that canc of the obJectives
of the map is “'t¢ supply a sclentific bacis Fer the transfer of
exporience Letreen arces with similar environments... (because)...
wvith the crimendous amcunt of knovledpe and cuperience gained in the
manacenent end development of diZfevent soils throusheut the werld,
the havdshiy porpetuated in sonie areas Ly rietheds of trial and errox
1o no longer Fuctdficd®, Aud ¢.D. Spith {19085) nointd out thiat e
nake the basic nsswiptica that cxperienc: vith a partievlar kind of
s0il in onc ;lace can be annlicd to that parclcular kind of soil

wherever it exists 1f consideration i fuken of any climatic differouces™.

The stated assuaptions and the twonsfer hypothesis dmplied therain
were subjecred to a thovoupl sciuntiijc cext in the Denchmark $cile
rrojece of the Universities of lowaii and Pucrts Bico whose prianry
objective was tu fest the transferability of agroproducticn technolosy

on the basis of « ¢4l familics as defined in Coil Taxonenmy.

i BEECINAR SOTLE PROJICT

The Bunchmark Soils Projece (BSP)Y was escablished diu 1974 to
demonstrate tho vishility of a seil zlagaificatden based appreach to
the transfor of o;ropreduction technoleny #+1 the trepies as a means to
inerease the effleioncy of anrunemde research thrcugh its widae
reograpnical diZfusion and thus to accelerat. the pace of apricultursl

cevelopment in the developiig countrics.

In the flirst cemprehensive study of dts Kind, the Bonchmark

Soile Project ventured to cclentifically establish the tronsferability
of agrotechncluyy, particularly soil acd ercp wanarenent oxperience,
Central to thie ¢ffort (s the bencimarl soils famlly ag defined in the
US eystem of soll classificaticu, Sodl “oaxencmy.  The dntent of the zcill
femdly 1a to crou, topether soils that ase relatively howosonconz in
properties important to plent jrevth. Consequertly, comperable phases
of all soils of @ faudly chould hove a comen nnd sredictable rasponae
to wanagemont rractices, correlative input--cutput characteristics, and

gilmilar crop production potential,  The trazasfer hypothesis underlving the

Y
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BSP ia derived fron these principles and is that cmpirical aproproduct fon
experience gained with a soil of a particuler femily can be transferrcd
and extrapolated to all other comparable members of that family,

irregpective of their geographic occurrence.

The general adm of the project was to experimentally and
statistically validate this hypothesis. The primary reacerch

objcctives were:

1. To deronstrate that goll management and crop production
knowledge can be transferred among tropical countries on
the basis of rojl families as defined in Soil Taxonomy,
and

Z. To ustablish that the behavior of tropical soils and thedir
potential for food production under various levels of
rana;;enent inputs can be predicted fron soll taxunonic

units.,

The Lasie research strate;y of tha project was to conduct a
serias of idantical cxperiments in a nutwork & soils belonping to
the same family, monitor crop performance and weather conditions, and
statistically curnare responsc to management ond yiclds. The
experiments verc highly contrelled, drip-ircigated fertility trials
with phosphorue an+ nitrogen as variables and raize 2s the test crop.
They were specifically designed to gurerate the data base for the
statistical aunlyscs. A total of 157 of thec: so called trensfer
experiments were conducted as well as 467 pragmetic ooil and erep

ranagement experiments and variety trialg.,

Three conirastingly different soil femilies reprcsenting three
distinct agroclinatic zones of the tropfes were chosen for experimentation:
the cleyey, kaolinitdle, isohynerthernic Tropoptle Eutrustox, the thixotropic,
isotherinic ilydric Dystrandepts; and the clayey, kaolinitic, isophyperthermic

Tyy.ic Peleudults.

The project cstablishad a research nztwork that comprized 23
experinent sites in Brazil, Camcroon, Havraii. Indoncsia, the Yhilippines,
and Puerto itilco. Collaborating with th. projuct werce the Higresa de
Pesquisa Agropecuaria de linas Gerais (EPAIIC) in Brazil, the Generel
Delopation of Scicntific and Technical Research (DGRST) in Cancroon, the
Philippine Council for A:riculture and Res »rres Rescarch and Developuaent
(PCARRD) in the Philippines, and the Soil Research Institute (5RI) in

Indoncesia.

The ficld data of the transfer cxperiucnts were statistically
evalunted with three different techniques developed under the auspices

of the BSF. They were the P-statistic, the confidence interval procedura.
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and a graphical method (Benchiuark Soils Preject, 1982a, Cadyct al., 1982)
The rasults with the confidence interval procedure and the graphical
nethod provided strong pesitive evidence for transfersbility. The
results with the P-statietic were less conclusive but not negative,

The graphical irethod was particularly illustrative as it allowed an
instant visual appraisal of the transferability of management practices.
The comparison of predicted and observed response surfaces showed that,
if certain site variables are considered, fertilizer response at a new
site can be pradicted on the basis of experiment conducted at other
sites with the same soil family essentially as well as by an experisent

conductad at the new site.

On balance, the statistical studies yielded a qualified validation
of the postulatud transfer hypothesis and, ty implicution, of the coacepts
of benchmarik soils and the s0il family. In view of the complexity of
the conjecture under study and considering the difficulciecs encountered
In its experimental and mathematical corvoboration, these rosults ara

very reassurilng.

lioreaover, the asronomle results of the project de.onstrate that
sull families as defined 1in Soil Taxouory indeed previde groupings of
solls that have relative herogencity in properties irportant to plant
growth, cormmon and predictable rezyonses to nanagenent practices, znd
sinilar crop yroduction potential and thue stratify the agroenviromuent
intou distinct niches of agrogroduction. This is evidenced, for cxample,
by the very similar waxiow, yields obtained in Pucrto Rico and Trazil
with ecouparable inputs, the absence of rosponse to potassiun at hoth
iocations, and the fact that one specific variety of malze performed
best dn the twe countries. Fven a casual dinterfamily couparison of
data citained shoued that the three soll Ianilies ave characterized
by distinctly different poatterns of soil behavior.  The P--isotherns,
for instance, which are in large neasure conditioned by soil fanily
choracteristics, are narkedly different for the three soil families

but very similar for all soils of the sanc family.

The highest mean nirdze yields wera about $,000 ko/ha for the
Eutrustox in Tuerte Rico and Brazil, 7,200 kyr/ha for the Hydrandepts
and 6,700 kg/ha for tha Paleudults., Althourh these yields are not
vastly different, the fertillzer Inputs becessary to achicve then
definicely &¥e. vhereas the Eutrustox required only about 40 kg/ha to
obtain these yields, the Dystrandepts nceded 150 kg/ha and the
Peleudults 100 ki /ha.  TFurthermore, the Dystrondepts and Paleudults
required substantial applications of potassium and lime which were not
needed for the Eutruestox. The soll nanagement technology developed for

Eutrustox ic therafore clearly not applicable to cither Dystrandepts or
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Palcudults, reflecting the soil--specificity of agrotechnology transfer
as implied din the transfer hypothesis.

The results of the Benchmark Soils Project (19G2a, 1¢22b) show that
trensfer of scil manapement practices can he successfully achieved and
yileds can be predicted with considderable accuracy on the basis of Soll
Taxopomy families, if additional site factors arc taken into account.

By implication, this validates the concept of the soil fanily as
postulated in Soil Taxonomy and the principle of bLenchmark soils. A
compariason of the results obtained in scll fertility and manajerent
experiments at the various sites of the project network also shous that
S0il Taxonony stratlfies the agroenvirenment into distinct niches of
agroproduction and allows qualitative predictions of soil potentlal
and managencnt vrequirements. In conjunction vith soil surveys, Soil
Taxonsmy thus dcfines the geographic and pedologic applicability of

agronenic cxperience.

At the sanz time, the nroject results allude to the limitations
of malopuc transfor of aprotechnology basud only ou Soil Taxonomy taxa.
Soil Taxorouwy constitutes an effective vehicle for aprotechnologsy
transfer ln czses where a high degree of sprcificity is not neceded; cuch
as in large-scale land use planning. Transfor of agrotechnolony to
gpecific farm eituations, however, requiren a more holistic apprcach
that should be based systems analysis and eapley computer gituletion

techniques to medel the soil-weather-crop--management continuun.
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Transfer of agrotechnology has evolved along an evolutionary path
that led from trinl and error and statletical wethods to transfer by
analopy and; uere recently, systeme analysis and simulation. The
disadvantaye of transfer by trial ond exro- s that it is attaoined
slolwly and at hi:h social cost. Statistical techniques. meinly analysis
of variance and nultiple regression, lend thimselves more to interpclaticus,
than extrapolations. Transzfer by analocv has traditicnally been advocatoed
by pedclogiste on the rationale that soil classification stratifice the
arroenvirormoent din sufficient detail teo facilitate trzusference, Thig
assunption has been shown to Le valld for instences where the emphasis
In on brous assesaments rather than specafic redictions amd prescriptions.
Informotion, huwever, can only be transforred “ror the locotilons vhera it
has been punerated, leading to the noed for over merae resenrch sitos,
Siouwlzticn mocdels have long Liown recopnived oo the concentunlly boest
approzch tu asvotechnolory transfer, buc varicus constraints have provented
their vse dn che past,  Advances In crop neleline, coupled with advances

in ccuputer techaoloy, nov meke that appreach entirely feasible.

fo crop pertfornnnce results feon the interncticn of a rwltitude
of soll, plait, elinate and managenent (aehors, the develepnient and
evaluation of crop siuulation medels requives data that rorctor the vole
genotype envirounant manarencnt systen,  Cultivar- specific ‘nindmun data
sats have, chereiore, been devised wvhich ilentify the codl, atuouhere,
rinmng, and wonagceout parenoters nceded for sodelin:.  Such data scts
should be eclilectad ot sites that cover the corplote spectrun of
oenvironnental conditions where the crop will ~rou, includine sites wvith
severe stress.  The wffcetlve utilizatiou of these data sets cequire a
functicnal datn base managenent systen vhose cutput s congntible with

the input requirements of the models,

the blophysical processges of agricultural systems can be
deseribed rathenatically and hence simuiated, but the soclo-econcmic
and other julveucental aspecte of the systom defy such wechanlstical
treatnent and vathematical expression, ‘truover, the tochniquas of
knowledse cuginecring knovm as expert eyatons sow 2llow to adcvess

these mepects. cither in combination with simlaticn models or

Independently, In adlition, stochaatic ivthodolorics are needed to

1/

='Lecture for the XIV Internationnl Fornuw ou SHoil Taxcnomy and
bSgrotechnelogy Transfer, Phillppines, loarch 3-20, 1986.
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deal cffectively with the aystematic and random variabiiity, both

spatial and tcporal, that characterizes the soll landscape.

Systems-based aprotechnology transfer thuas integrates three
main elements: data bases, simulation medels and expert systems.
The International Benchmark Sites Network for Agrotechnology Transfer
(IBSNAT) exemplifizs this approach. Central to this project is a
relational data base managenent systen and a generic crop simulation
model that is uscr-oriented, of universal applicability, and can be

excecut.ed on mleroccomputers with a minimum of input data,

IBSNAT 4s an cutprowth of the Berchrark Soil Profect of the
Universities of Nawald and Puorte Rico. It was implemented dn 1982
ard 18 fundcd, In part, by the U.S5. Arency for Internationzl Development
under a contract vith the Uudversity of Hawsli., IBSHAT is a collaborntive
rndeavor that coasclidates a roup of egricultural research centers intc o
prototyne netvork for the purpose of developing, validating and utilizing
a scieutific mcthodology for the clivetive transfer of apratcechinolosy

among £8d withia countric. of the lower latitudes.

I65MAT s Lonl is to devise weys znd neens thit will cnable
countries in the tropics and subtropics lacking rasources and
institutional capacity te noct thelr arricnltural develovment needs
ti.rough tuchnolopy transfer, Accerdingly, the rroiect’s vbjectives

are to:

~ accclerate the diffusion of agricultural inncvations froa
their sives of oripin to new lucations,

- dncreasc the succuss rate of technoluyy trancfer to farmeras’
fieldz, and

- asgsuss the long-terw cffect of apricultural practices on the

environueut,

IBSHAT alns to echicve fts objcctives Lir:

- catablishing 2 netuork of collaboreting natior. 1, reglenel,
and international apricultural rescarch cenktere fo scrve as
pources and reciplents of ajrotechnelogy;

- ddentifying the soil, crop, weatler and management date
necded to successfully cransfor agrotechnology,

- testing soil, crop, veachier and vannzement simulation medels
in 2 netvork d crperdinental sitis:

- using systers analyscs, sinulatlon models and expert systewe to
predict  the perforrmance of ciops and panagement systens; and

- training collaborators In the une ot systens analysis and

simulation and nanapement acdala for agrotechuolopy transfor,

u
%U
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The realization that in successful transter the characteristics
and requirements of cultlvars must be compatible with the environuental
conditions at the transfer site implies that quantitative knowledge of
the genotype-envircauunt-nanagenent intoractions must be generated
and +ncorporuted iuto the crop performance similation models. In tle
course of field cxperimentation it is thus cssentlal to collect
Lalanced scts of sofl-crop-veather-menajenent deta that nonitor the
vhole syscem and facilitate the identification of "minimun data scts'

whidtarc a prercquisite fer transfers via sinulatlon technicques.

The crops for vhich siloulacion models ara being developad by
IBSNAT include four coreals (malze, ricc, sorchun, wheat), three prain
legunmes (beans, grounduuts, soybeans) sand three root creps {arvids,
cagsava, potatoes). Guidelines for the cxperiment designs and
detatled preceduris for data collection have Leen completzd and circulatoc
to IBSNAT collaborotors., Tleld research is currently in progruss at

34 benchnark sites in L6 developing; countries.

The maise and whest rodels biave boon sebjected to pzlobal testing
and were found te predict crop perforrmance vith reascuable accuracy.
The soybenn nmodel is operational and ready fuor werldwide validetdlon,

the seven othor medele are ia various stager of de velopm:nt

The prej-ct has furthor desijined noata Base lauouvenent Systan
for storiap and aualyzing che data sels collezted in the nctwork.
The systen coploys connwerelally availeble sofsvare (dRase ITIT by
Ashton-Tate) and ls claracterized Ly casc ol wo, flenibility,
procistion, rolotabilicy, and data Indepoendsics,  Horeover, the
system'sz cutputs are iduntieal to the redel inputs, enabling all
IBSNAT erus nodels ho acceus the dato fron o sinyle data basce mamugonent

systoen.

IBSHAT s currently develening ¢ corpuiorizaed Ireelsion Support
System for Ajrotechnolopy Transfer (USSAT) that attenpts to prov.de
users with convenicnt and casy to use jrocedures for a systematic
evaluation of the purformanc.: of agrotechnology at new locations.
In order to be able to pencrate the desived mitpets, the DESLL
incerporates aud linka the erop vodels, data Edley, the data Lase

management systeu, utdlity prograns, and, @ve cnfually, expert cystews,

Finally, LECHAT fosters the devloprnent of netverks that cmplo
n system-baged ojproach to the transfev of asretechnelopy in a rucdenal
context. 4h: projcct therefore aseistod sciontists from ASEAN countrics
in developing ihe proposal for an ASHAW Louchuaric Sites Hetwork for
Agrotechnology Transfev (ABSEAT). 1he project proposal hos receutly
teen approved by ASKANTa research budy ¢ 1s now bedn, consddered for

funding.
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INTRODUCTION
The logic of soil classification has bcen summarized by Cline

(1949). He states that the purposc of any classification is to organiza
our knowledge into groups so that the properties of the objects claseific
may be easily remembered and the relationships between members of groups
and batween members within a group are readily understood. Cline also
stated that any classification must have specific objectives. Thus

any proposed system of soil classification should saotisfy these

objectives,

In many countries particularly, the developing countries of the
Tropics, soil classification and soil surveys have and arc being carried
out with the objective of interpreting the results of these soil surveys
for agricultural use. Data from soil surveys 1s vital for crop selection
and for the managecment of the soils so that maximum benefits can ba
obtained, Increasingly morc countries are using Soil Taxonomy as a
baris for carrying out soil surveys and interpreting ‘the resultgnt soil maps. The

reason for this is obvious when onc looks at the title of the book: -

SOIL TAXONOMY
A Bosic System of Soil Classification for Making and

Interpreting Soil Surveys

The objectives of this paper 1s to cxamine the interpretations
that can be made using, Soil Taxonomy, for the sujtability and managcment
of perenniel crops. The importance of Soil Taxonomy as a means of

technology transfer for percamnial crops will also be briefly discussed.

CATEGORIES OF CLASSIFICATION

Six categories have been recognized in Soil Taxonomy, viz:
Order, Suborder, Great Group, Subgroup, Family and Series. These
categories eerve specific purposcs and the amount of detail that gocs
into each definition increases in the lower categories. In addition,
since Soil Taxonomy i1s an hierarchical system, any property or criteria
used at a higher level is also implied at the lower levele. The gencral

criteria used at each categorical level is summarized below.

l-/Paper: presented at the XIV International Forum on Soil Taxonomy an~ 1
Agrotechnology Transfer, larch 3~20, 1996, Los Baiios, Laguna, 4
Philippines, )
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Orders

The orders are diiferentiated by the presence or absenc
of diagnogtic horizons or features. These are indicators of
differences in the degree and kinds of dominant sets of soil-
forming processes that have helped to form the soil. Ten orde
are described in Soil Taxonomy - Alfisols, Aridisols, Entisols
Histosols, Inceptisols, Yollisols, Oxisols, Spodogcls, Ultigo
and Vertisols.

Suborders

The suborders generally are defined on the basis of
properties that affect the current processes of soil
development. In most suborders, soil moisture and temperature
regime are the properties used. In the case of organic soils
Histosols, the degree of decomposition of the organic soil

material 1s uscd.

Grent Groups

In this category, a number of soil properties are used.
The whole soil 1is characterized including the assemblage of
horizons and the most significant property of the whole soil ag
determined from the number and {mportance of accessory
properties. Although the differentiating properties of the

great group are few, thcre are many accessory properties,

Subgroups

The categories above the subgroup focus on the indicatio
of causes of sets of processes that appear to dominate the cour
or degrece of development, However, many soils have in addition
to these, propertics that ae subordinate but yet important mark:

of soil--forming processes.

Within a given great group, the soil nay show subordinate
indicators of proccsses that are dominant in other orders,
suborders or great groups but in the given great group those
processes serve only to modify othar more important 2nd dominant
processes. Identifying thesc less significant proccsses at the
subgroup levcl helps to show the relationship to other kinds of
soils,

Famil@gg

In this category, the intent has been to group the soils
within a subgroup that have similar physical and chemical

properties of fecting their response to use and management in
particular to agriculture,
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Serdles
The soil sories is the lowest category. Differentiating
characteristics of a scries cannot fall outside the 'linite

astablished for the family.

.

SOIL S.U.ITABILIT‘.’ AND MAVAGEMENT DNTERPRETATICNS

General Principlcos

“he dotermination of the suitability of a plece of land
for a specific agricultural use and the type of msnagenent 1y
one of the more important uses of soil map (Paramananthan and
Law, 156(). Before examining how the Soil Taxonomy can be
used for this purposc it nay be pertinent to examine briefly

the general principles of such interpretations.

Exwerience end research of crops grown on a variety of
soils forms the Lanis of such interpretations. This
experience may come from nany sources including cxperimental
and farmer expericnce. The leck of a coumon bagis for
coxparing solls betweon Jdiffercnt countries hae for a long
time limited the use of such data to within a country. Eowaver,
with the vider use of Soil Taxonomy the data basc usad has becouws

intermatinnal.

Research and axpericnce of o varieoty of crops grown on
a varicty ~f golls makes it fagaible to develop tnbles showing
the liid.tetions to erop prouth, Initially thcse tables only
conoidered coil charscteristics (Uong, 1974) . Today, howuver,
other ericeria such as climatc is also ineluded (Bunting, 1501).
The linitations to crop srouth are rated as being winox,
moderate, sorious or very serious for the srowth of a particuler
crop. ‘The degrec of sevority uelng based on estimataed decline

in yield due vo that charactuerdscic.

mrow the results of the soil survey a tible shoving the
pﬁyuic:l ond chemical characteristics of the soil can also ve
devaloped. In evaluating a pilece o7 land for the sultability
for a particular land usc onc has just to comparc the table of
1imdtations to arop prouth with that © the soll properties.
By thils cemparivon the land can bz cvalusted for that particulax
land usz. iIn thoe simplest method of cveluation the soll maupdagp
unit 15 given the worst rating it rec.ivas as an overall leud
guitability rating. iowever, come liuitations such as drainaga
class, prescnce ol ncid sulfate hori¢on may be overcomc by

varlous managerint practiccu. Ilznce, it is possible to identify

C
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various managcment practices that can be used to cvercome a
particular limitation thereby upgrade the soil.

Crop Growth Limitations

Depending on the erop a variety of factors can affect
crop growth., In general however, those Limitations can ba

sub-divided into five main froups: -

i. Climatic Characteristics
1. ‘Topography

1id, Wetnoess

iv. Physical. Soil Conditions
v. Soll Fertility Conditions

Each of these five groups can be further gub-divided into
diffcrent land characteristics depending on how thesc factors
will influence the growth, yicld and manogenent of that

particuiar crop. The class limits or degree of limitation for
cach characteristic will vary according to how that characteriatic

affects the particular crop.

Based on the author's expericnces vith the growth of oil,
palm, cocoa and rubber on a variety of soils, tables 1, 2, 3 and
4 have been developad for use in halaysia. Each of these five
groups of characteristics ig furthor cub-divided into a number
of characturistics., the nurber of chacacteristics used is largely
dependent on hov these characteriotics affect the growth and
managcrent of the crop. The liot of characteristics used is not
exhaustive and can ¢ increased or docroased based on new data
from research. The class Uimite for the degree of limitations
are mora difffcult te cstablish but are established on the basis

of rugearch findings and experience.,

Use of Joil Taxomomy in the Evaluation Frocess

As montionad carlicer, the criteria used ar the family
:ategory in Seoil Taxonomy have Lean selected in such a way
18 to make agricultural interpretations, However, dependingp
m the land characteristi. concemcd they are used at various

.evels,

a. Climatic Characteristics

The climatic characteristice used in the land
evaluation process include the presence/absence of a
dry season and the nean annual temperature,  Both of

thesc characteristics sre used in Soil Taxonomv.



bl

Soil suitability and...5

The soil moisture regime i often used at the Sub-

order level in Soil Taxonomy. " Soile having an
ustic molsture rcgimc for example as the ustults
arc not suitable for both oil palm, and cocoa whilc

they are marginal for rubber, The soil temperature

regime &8 used at the family level and only thos2

soils having an isohyperthormic temperature reglme
are well suited for the thrce crops concerned. Those
with isothermic and isomesic tcmperatures are not

suited for thesc crops.

From tables 1-3 1t appears that both cocoa
and oil pzlm are more sensitive to moisture styess
compared to rvbber and hence yields of oil pelm and
cocoa will be seriously affacted by moisture strese.
From these consilderations onc can interncet that oil
palm and cocoa grown on the well drained solls with
an oxic horizon :specinlly.those having red colouus
end wvell aggrepated structures woqld be seriously
affected by yield fluctuation. Hence, rubber is
preferred on such soils (Paramananthan and Eswaran,
1954). It is for this reasun that the northern part
of Peninsular Jialaysie is considered to bc not
suitable for both cocoa and oil palm as the climate

there o marginal to ustic.

Topography

Topography or slope is often mapped at the
phasc level on a soil wap. The diffcrent Byétcms
of harvesting employed for the three crops considered,
sakes slope an important consideration. Clopes also
affect the erodability of the soil. This criteria
is not readily inferrud irom the classification of
the soil using Soil Taxonomy.

tetness

The wetness charncteristic is divided into
drainag: and flooding. The drainage class of a soil
can be inferrcd from tho classification of the soil.
¢.ils which are poorly droined often have mottles with
2 low chroma and have an aquic moisturc regime. lence
soils that belong to the rquepts and Aquults have an
aquic moisture regime. Soils that have colours with a

low chroma lower down in the subsoil are imperfectly

drained and this is indicated by the sub-group in the
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classificatiqn e.g.'Aqﬁié'Tropﬁdult. 011 palm
tolerates pdofly drained conditions while rubber

does not. Cocoa on the other hand can srov well on
poorly drained'aoils if the water-table is kept below
75‘cm. Thus, ﬁany coastal areas which have becn
drained artificially haQe solls of the order Aquepts.
_Sﬁch soils can Be planted with oil palm and cocoa

but are considerwvd i Lo unsuitable to marginal

for rubber. On the other hand the imperfectly
drained poils (aquic subgroups) can support all the
théeé crops. With the improvement in drainage, the
Paleudults, Haplorthox and Dystropepts the performance

of rubber improvcs.

Physical soil conditions

A number of soil characteristics can be
evaluated under thlg category. The texture or
particle-size class when gravels are present is
an obvious characteristic that can be used. In Soil
Taxonomy, the mrticle size class' [ ygel at the facily
level and hence this {nterpretation can be readily
made.  In order to accoumodate textural variations
with depth and the presence of stonclines the
characteristic is cvalueted using a welghted average
to 130 em. Where pravel layers arc present a further
downgrading is uscd, Wichin one textural class C.o.
clay and 501l may havi: fine structurcs and friable
consistence as In Oxisols or be coarse-structured and
compact as in some Tropudnlts. This difference can
often be inferred from some accessory properties.,
Oxisols penerally tend to b fine-structurad and frimble
thercby waking roct panetration and vorkability rclatively

easy.

The prescnce of rock or other substratum vill
scvercly inhibit root growth. In Soil Taxonomy tho
lithic, paralithic and petroferric contact reflect
these conditions. Thase criteria arc used at the
subgroup level. Similarly the prescnce of a sulfuric

horizon at various depths in the soil will determine

© itg suitability and managcaent. A sulfuric horizon

which occurs within 59 cm of the soil asurface will
key the soil out at great proup level as a Sulfaquept.

If the sulfuric horizor. occurs below 50 cm depth then e
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it is indicatud at the subgroup level as a Sulfic
Tropaquept. The ut**!z ation and mnnagemnnt of
thes¢ acid gulfate solls is strongly related to the
depth of this acid sulfate layeg (Paramananthan and

Lswaran, 1984). The knowledge of the depth of the

sulfuric horizon 1s vitsl to dctermine the typa of

. water control and management that has to be used if

these solls are to be successfully used for agriculture.

Soil fertility conditions

The low fertility of tropicbl solls has long

been considered to be the cause of low ylelds. The

aincralogy and orjanic matter content of the soil
reflect the fertility stntus of the soil, The nincralogy
of the soil 13 reflected in the mineralogy class at
family level. Soils beloug to the kaolinitic or oxidic
class are obviously less fortile than those of the mixed
mineralogy class. Solls of the oxidic family way also
pregent problems of phosphate fixation. The lou
fertility of tropiéul soile is often reflected in thedr
low effective catioh ¢xchange capacity. Thus, soils
with an oxic horizon have an effcctive CEC of lcss

than 16 while soils belongins to the oxic or orthoxie
subgroup have an cifective CEC of less than 24, This
low CEC implies that if high yields are to be obtainad

and maintained a rood manurial program is egsential.

The adaptability of the difreicat gervennlal
crops to such low fertility conditions varies.
Rubber is somewhat morc tolcrant of such soils while
cocoa is least tolerant. In Oxisols, cften the
calcium and nagnesiur levels are low a factor which
ig critical for cocoa. On the other hand, fertile
goils developed over merine clays with smectitic
mineralogy have high values for these two elemcuts.

is high level of magngsium can cause coagulation

of latex in rubber and hence roduce yields.

In many Oxisols, the only source ¢f nutrients
is the organic matter riatent of these soils is
reflected in the colour of the surface horizons.
Thus, the darker coloured umbric epipedons are
probably more fertile than the light coloured ochric
cpipedons, The base saturation which is also used as

o soil fertility characteristic is used both at the
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order level viz Alfigols and Ultisols and at the
great proup level viz Dystropepts and Eutropapts.

MANAGEMENT IMPLICATIONS

T :The differing soil and climatic requirements of the tree crops
congidered played a dominent role in the crop diversification program.
In the pre-1950 years rubber was planted on both poorly drained
Aquepts and well drained Oxisols. However, once soil survey and

crop performance data were available rubber was moved to the Great
Groups of Palcudult, Tropudult, Acrorthox and Vaplorthux. 041 palm
on the other hand was increascd on the Tropaquepts and Sulfaquepts.
Cocoa requiring more fertile solls was planted on the Tropaquepts,
Tropudults and Lutrorthox. The extent of coconut in Halayeia hes bzon

reduced somcthat Leing now confined to the Tropaquepts and Sulfaquents.

The relaticnship between crop performance and soil units have
been studicd by uany workers and summarized Ly Fg (1983). 1This is
reproduced as Takle 5. From thic table it is obvious whiy oil palm

or cocoa/ coconut is preferred to rubber en Aquents,

The inervasing dnteraction between the use of soil survey data
and cultivation practice and fertilizer usc has resulted in the
identiflication of the nutrient inputs required for a particular crop
on a specific soil unit. This informatics has Leen complicd by Ng
(15€3) and 1is given in Table 6. From this table it can bo sean that
prioritics of wnutricnt inputs vary with goil characters as well as
crops, Thus, in the case of oil palny, thoe lower demand for nutrients
are apparent in wost of the Aquepts whilc higher nutrient requirements
including copper and boron are needed on the Psamments and Fibrists,

For cocoa, calciwa 45 a necessity but net fur rulber.

POTENYIAL FOR AUGKOTECLNGLOGY TRANSFER

In the past large amcunts cof noncy, time and energy have becn
wasted by duplicating research In mzny countrfes, This was because
no cowmon system of soil classification vas used. However, with the
introduction and use of Soil Taxonomy a common basic lau, ge of
communication aas been developed. 'The Soil Taxonomy has enabled us to
coupare soils iu different countrics and assist in the transposing

of research findings from one country to another,

If a Halaysian soil scilencist says that the Rengan Series is well
suited for ru.ser, oil palm and cocoa 1t does not mean very much to
other goil scientists who are not familiar with the soll, However, 1if
he says in addition that the Retgam Series is a clayey, kaolinitic
isohyperthermic, Typic Paleudult developed over pranite, then the soil
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scientiet in Thailand can equate this goil vith the Phuket Serias in

their country. "hc rcscrach fiudings on the Malaysien soil could then

be used in "hediland as a basis for further research without the need

to repeat any basic cxperiments already carried out ian Hal-, sia. Thia
transfer of technology is much easier with psvecniel crers &8 thase crops
are .58 denanding. Annual crops depend largely on topsoil characteristics
which are more stable are used in the evaluation of soils for peraennial

CYops.

CONCLUSIOF

The goil family in Soil Taxcnouy has L :en ‘defined to assist in
making interpretations for agriculture. The classification of a soil
to the family level is a sumary of both lond and soil characteristics
which ean assist in the land cvaluation and management. It & agparent
that many of the criteria used in Soil Taxonomy can be uged to interpret
for evaluating these soils for perenndal crois. By matching our
experience of crops grevu on a variety of soils the necessary interpro~-

tatjons on suitability is feasible.

5011 raxonomy also assists reseavch vorkers by providing s weans
of communication with onc another. This has made the nced to repeat
many experiments cbaolets and transfer of tachnolopy between countries

a reality.
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sle 1. Evaluation of Land Characteristice for 0il Palm

H DEGREE OF LINITATION
CHARACTERISTIC YNOT LIMITING 4 YIINOR l TIODERATE , SERIOUS s VERY SER
! sl H 82 : s3 H N1 H N2
IMATE ] .
Annual rainfell (um) + 2,000 1,700-2,\: 1,450-1,700  1,250-1,450 -1,
Dry secason (months) - -1 1-2 2-3 3.
#een annual max temp (°C) -+ 29 27-29 24-27 22-24 -
Yeon annual min temp (°C) + 20 1£-20 16-1& 14-16 -
Hoan annual temp (°C) © 4+ 25 22-25 20--22 18-20 -
POGRAPHY
Slope (%) 0-4 4-12 12-23 . 23=3C +
TNESS o
Drainage Moderate to  Well and Poor (aecric) Foor (typic) Very poo
iwperfect soncvhat (casily difficult to
excessilve drained) drain
Flooding Not flooded Wof. flooded 1linor Moderate Savere
YSICAL SOIL COWDITIONS
taxture/structure Cs, SC, CL, Co, L, 5Co SCL SL, LSL LSco, S
$i1Cs, SiCL
Depth (em) 100 ¢ 75--10C 5G-75 25-59 ~ 25
Depth to top of sulfuric 100 + 75-1G0 50-75 25~50 - 25
horizon '
IL FERTILITY CONDITIONS
slonthering stage 1+ 16 - 16 - - -
(ffective CLC)
Basc saturation (%) 4 + 35 20 - 35 -~ 20 - -
horizon
Organic carbon (#) -+ + 1.5 - 1.5 - - -
& horizon .
Salinity millineps (50 cm) Q9 ~-1 1 -2 2~3 3~ 4 4 +

HCIES ON EVALUATION FOR OIL PALli

1. Dry scason
4 mouth 1s considered to bLe “dry® if the total rainfall
for the nmeuth is less then 10C mo.

2. 7Texture/Structurc

In evaluating the texture, the veighted average of the

texture to a depth of 100 em is used, The welsghted texture

i3 evaluated as follows:

Rating for 025 enx 1.75
25-5C e x 1.25
50~75 cn x C.75

75-100 e x .25
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Where surface or sub-surface gravel layers occur the
textural 'ijixting is downgraded Ly a factor as shown below
dapending on the nature of the grevel.

' T NATURE T T !
T ! QUARTZ !TATERITE ! ccl)?\g?:n
% GRAVELS \ ! :
3-15 . 75 90 95
15 ~ 35 6o 75 56
35 - 7y 50 66 70

A gravel layer of nore than 707 is treated as a sub-stratum.

3. Soil Depth

Depth here refers to a substratum or rock i.2. a root

restricting layer,

able 2. Evaluation of Land Characteristics for Cocoa

' DEGEEE OF LIMITATIGN
154 lf"‘ t H
CHARACTERISTIC 'NOT LIMITING] UINOX | ODERATE: |  SERIOUS IVERY SERIO
R | i 82 : s3 : N1 i N2
LIFATE
Annual rainfall {(m) 1,605--2,050 1,407-1,650 1,200~1,40C -1, 260 -
- 2,005-2,50,  2,500-3,500 4, 500 +4, 50
Length of dry season {months) -1 1-2 2-3 3-4 +
Hean annual max temp (°C) -2 28-~32 +3u ~ -
Lean annual min temp (°C) +23 15-20 13~15 17213 -10
Relative humidity (month with 45-60 40-44 35-39 35-34 -30
loveat valuc) - 56-6u 61-65 66-75 +75
JPOGRAPITY
Slope (/) U4 412 12-23 23-3¢0 +30
LLNESS
Drainage \lell to Somewhat Somewhat Pcor Very poor
moderate exeessive poor
imperfect
F¥looding Not flooded = - liinor Hod -Severe
IYSTCAL SOIL CONDITIONS
“exture/Structure Cs. SC, CL. Cu, L, SCo SCL SL, LS&f LSce, &
£1Ca, SiCL
Depth (cm) 10+ 75140 55-75 25-50 -25
Depth to Acid Sulfate Layer luvt - 75-10GC 5C-.75 ~50
ElICAL SOIL CONDITIONS
Veatherdnp stage (Effective CEC) +24 16--24 ~16 - -
Bage saturation (7 A horizon) +50 35-55 20-35 -2C -
Organic carbon (¥ A horizon) ~1.5 1.5-2.,4 2.5-5.,0 +5.0 -
Organic carbon (% B horizon) -1.5 1.5-3.e 3.0+ -
Salinity (m mhos) 2-0.5 Je5-1 1-1.5 1.5-2 +2
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‘able 3. [Dvaluation of Land Characteristics for Rubler

‘ H . . DEGREE OF LIMITATION
CHARACTERISTIC INOT LIMITING MINOR !  MODERATE 1 SERIOUS YVERY SER
! s1 4 52 y S3 H N1 1o N2
JLINATE
Annual rainfall (nm) 42,000 1,70C-2,900 1,45C-1,700 1,250--1,450 -1,250
Loss of tapping days (months) -1 1-2 : 2-4 +4 -
Dry scason (months) -1 1--2 2-3 -4 +4
Mean annual max temp (°C) +29 27--29 24-217 22-24 ~22
tlean annual wuin temp (°C) +20 10-20 o 16-18 14~16 ~-14
lican annual temp (°C) +25 22-25 20-22 13-24 ~18
TOPOGRAPHY
Slope (%) D12 12-23 23-38 38--h1 448
WEINESS ’
Drainage Good loderate Imperfect Inperfeet Pooxr
and High W.T.
Flooding NHot flooded - - Liinor ked=Seve
PHYSICAL SOIL CONDITIONS
Texture/Structurce® CL, Co, SC, SiCs, SCL, 5L, L3(£) LS(co), Of, Sco
Cs L Cn, fiCuw
Depth (cu) +150 1006-150 5C-100 25-50 -25
§0I1, FERTILITY COUDITIONS ‘
Weathering stage (Cffcctive CEC) +16 -16 - - -
Anga satvration {7) A horizen +35 -35 - - -
Ortanic carbon (%) 4 horizom +1.5 ~1.5 - - -

*Lovmgrading for Cravel Layers

NOTES 0K EVALUATION FOR RUBBER

(1) Less of tappinp days

Any nonth haviong a precipitation of morc than 500 wm/
month is considered to Le a “rainy wonth’ and any month with 2
pracipitation of 300-500 mu/month is taken as half a rainy

month.

(2) Dry Scaoon

A wonth 1s considered to be “dry" if the total

rainfall for that month is loas than 1Cu ru.

(3) Texture/Structure

In evaluating the tuexture the weighted average of
the texture to a depth of 150 em is used. The weighted

toxture is cevaluatcd ns follovs.

Rating for O-25 em x 2,0 75-10C em x 0.75
25-50 et x 1.5 109--125 cm x 0.54
50-75 cm x 1.9 125--150 cim x 0.25

tthere surface or gub-surface stoninuss occurs the textural

ratin:; is downgraded by ‘he factor shown for pravel layers
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~Z OF i ' H i
cravis ;¢ i b . ¢
3-15% 75 90 95
15--357% 60 75 86
35-70% 50 60 70

A pravel layer of more than 70Y 1s treated as a substratun,

(4) Soil Depth

Depth here refexs to the presence of a substratum,
rock or other root reut¥icting layer such as acid sulfate

layer.

fable 4. Evaluation of Land Characteristics for Coccuut

) 3 DEGRET OF LIKITATION
CHARACTERISTIC +NGT LLMITING] :IINCR P LOLETATE ‘ SERICUS TVERY SERIOU
i SL ! 52 : 53 ] 1l ! N2
LIMATE
Annual rainfall (rm) +2,0°°0 1,600-2,070  1,2506-1,67%  1,000-1, 250 ~1,200
i2en annual towperature €°C)  27-32 24--26 22-24 20-22 -2
chﬁggtgg)dry scason -1 1-2 2-3 3-4 +
CIOGRAPIY
Slope (%) 0=4 4-12 1216 16--23 23+
ETIESS
Drainas;c Inperfoct, Sonewhat Poor Very poor -
mouerately  excessive
vell, well,
Flooding Not Flooded - Minor lioderate Severe
KYSICAL SOIL CONDITIONS.
Texture and structur: CL, Co, JC, S, S1Cs S Cm, SlCn -
Cs; SCL, L
Le~th {(cm) +107 75--100 5075 25-50 -25
JElICAYL, 50IL CONDITION
teathirin,; state - - - - -
(Effective CLC)
Bage saturation (A horizon ¥)  +3% 20--3 -20 - -
Orzanic carbon (A horizon %) +1.5 -1.5 - - -
Salinity (m mhosg) G- bt) t-16 16-~20 +20
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yield Performance on Differcnt Soil Groups (After NWg, 1983):
] i 3 L] []
sow crowe | OBIR 4 TR L elye. L bl
Tropaquept 1,300~1,5G0 | 25-30 1,000-1,290 1,520-1,€00
Sulfaquept 1,200 20--25 700~800 i,000-1,200
vystropept 1,400-1,700 1822 600-700 -
Sulfaquent 760 15-20 400-500 600-800
raleudult 1,500-1,700 20-22° £00-900 - %
Tropudult 1,400~1,600 20-22 900-1,0069 -
Acrothex 1,400-1,800 2022 900-1,100 -
Haplorthox 1,700 22-25 1,100~1,200 -
Quartzipsamment GCe 18-20 5006~603 -
Tropaquod 6UL - - 400-500
Tropohumod 700 - - 5G0-600
Tropofibrist 500 12-15 <400 -
Table 6. Principal and Subsidiary Nutrient Inpurs for Various Tree Crops. (After Ng, 1903).
SOIL CROUP Y RUBBER E CII; PALM 3 COCOA : COCONUT
Tropaquept N, X N, K H, CA, k M, k
Sulfaquept P, n, & P, CA, n, k cA, P, U P, ca
Dystropept P, Il P, N, k, mg CA, P, N -
Sulfaquent )y P, CA, n, &k CA, P, n, k P, CA, n
Palcudult i, 1 P H, K, P, m3; Ca, N, X, F N, X, p
Tropudult N, Ky ¢ N, K, P, mg CA, W, K, P N, K, P
Ahcrothox N, K, P N: P, K, g CA, B, ¥, Ik ~
Haplorthox 0, X, ¢ N, P, k, mg CA, P, TN, k -
Quartzipsamnent Ry P, Iy mg H, P, K, iG, B -
Tropaquod - - K, n
Tropohumod - - - K, n, B
Tropofibrist -~ Ci, K, CA, B K, CA
Hote: Cepital letter denoies Principal Inmput
Small letter denotes subsidiery Input.
l'ﬁ.‘)



